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S U B .   FOR  USE  IN  S r a j S T O M y c g S   AND  O3B1R  OROANISMS 

The  p « , . n t   I n v e n t i o n   r . l « t . .   t o   .  t y l o . i n  

u s e d   m   v e t e r i n a r y   m e d i c i n e   as  an  a n i m a l   g r o w t h  
10  p r o m o t a n t   and  a n t i b i o t i c .   T y l o s i n   i s   a  K a c r o l i d e   a n t i -  b i o t i c   c o n s x s t i n g   o f   a  1 6 - » e n b e r   c y d i c   l a c t o n e   a n d  t h r e e   s u g a r   r e s i d u e s .   The  a n t i b i o t i c   a c t i v i t y   o f  t y l o s x n ,   l i k e   o t h e r   n a c r o l i d e s ,   i s   due  t o   i n h i b i t i o n   o f  

p r o t e a n   s y n t h e s i s   by  a  . n e c h a n i s n ,   t h a t   i n v o l v e s   t h e   
b i n l  

15  i n g   o f   t y l o s i n   t o   t h e   r i b o s o m e . .   •  ' 

a ™ , '   r  
n T y l ° S i n   r e s i s t a n c e - « n f e r r i n g   c l o n i n g   v e c t o r s  a r e   u s e f u l   xn  S t r e e t o a y c e s   and  o t h e r   h o s t   c e l l s .   T h e  

d e v e l o p m e n t '   and  e ^ l o i t a t i o n   o f   r e c 0 1 B b i n a n t   DNA  t e c h n o l o g y  on  S t r e p t o m v c e s   d e p e n d s   u p o n   t h e   a v a i l a b i l i t y   o f   s e l e c t a b l e  
20  g e n e t i c   m a r k e r s   on  s u i t a b l e   c l o n i n g   v e c t o r s .   T h i s  

d e v e l o p m e n t   has   b e e n   s o m e w h a t   r e t a r d e d   by  t h e   low  n u m b e r  of   s e l e c t a b l e   m a r k e r s   p r e s e n t l y   a v a i l a b l e   f o r   u se   i n  
s t r e p t o m y c e s .   The  p r e s e n t   i n v e n t i o n   i s   u s e f u l   a n d  
e s p e c i a l l y   i m p o r t a n t   i n   t h a t   i t   e x p a n d s   t h e   n u m b e r   o f  !5  s e l e c t a b l e   m a r k e r s   s u i t a b l e   f o r   s u c h   u s e .  

The  v e c t o r s   of   t h e   p r e s e n t   m e t h o d   a r e   p a r t i c u -  l a r l y   u s e f u l , ,   b e c a u s e   t h e   v e c t o r s   a r e   s f f l a l l ,   v e r s a t i l e  and  can   be  t r a n s f o r m e d   and  s e l e c t e d   i n   a  v a r i e t y   of   
'  

t y l o s i n - s e n s i t i v e   S t r e p t o m y c e s   c e l l s .   S t r e E t p m y c e s  •0  p r o v i d e s   o v e r   h a l f   o f   t h e   c l i n i c a l l y   i m p o r t a n t   a n t l -  
b i o t i c s   and  t h u s   i s   a  c o m m e r c i a l l y   s i g n i f i c a n t   g r o u p  
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The  p r e s e n t   i n v e n t i o n   p r o v i d e s   new  and  u s e f u l   c l o n i n g  

s y s t e m s   and  v e c t o r s   f o r   t h i s ,   i n d u s t r i a l l y   i m p o r t a n t  

g r o u p   and   a l l o w s   f o r   t h e   c l o n i n g   o f   g e n e s   b o t h   f o r  

i n c r e a s i n g   t h e   y i e l d s   of   known  a n t i b i o t i c s   and  a l s o   f o r  

5  p r o d u c i n g   new  a n t i b i o t i c s   and   a n t i b i o t i c   d e r i v a t i v e s .  

The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   v e c t o r s  

t h a t   e n a b l e   s e l e c t i o n   o f   S t r e p t o m y c e s   t r a n s   f o r m a n t s   f r o m  

a  b a c k g r o u n d   o f   u n t r a n s   f o r m e d   c e l l s .   A f t e r   t h e   a d d i t i o n  

of   n o n - s e l e c t a b l e   DNA  to   a  v e c t o r   of   t h e   p r e s e n t   i n v e n -  

10  t i o n ,   t h e   m o d i f i e d   v e c t o r   c a n   be  t r a n s f o r m e d   i n t o  

S t r e p t o m y c e s   and-  t r a n s   f o r m a n t s   s e l e c t e d   by  t h e i r   t y l o s   i n -  

r e s i s t a n t   p h e n o t y p e .   B e c a u s e   t r a n s f o r m a t i o n   i s   a  

r e l a t i v e l y   low  f r e q u e n c y   e v e n t ,   s u c h   a  f u n c t i o n a l   t e s t  

i s   a  p r a c t i c a l   n e c e s s i t y   f o r   d e t e r m i n i n g   w h i c h   c e l l ( s ) ,  

15  of   among  t h e   m i l l i o n s   o f   c e l l s ,   h a s   a c q u i r e d   t h e   t r a n s -  

f o r m i n g   DNA. 

For   p u r p o s e s   of   t h e   p r e s e n t   i n v e n t i o n ,   as  . 

d i s c l o s e d   and  c l a i m e d   h e r e i n ,   t h e   f o l l o w i n g   t e r m s   a r e  

d e f i n e d   b e l o w .  

20  ApR  -  t h e   a m p i c i   11  i n -   r e s i s t a n t   p h e n o t y p e   o r  

g e n e   c o n f e r r i n g   s a m e .  

mel  -  t h e   t y r o s i n a s e   g e n e .  

P h a s m i d   —  a  r e c o m b i n a n t   DNA  v e c t o r   t h a t   may  a c t  

as  a  p h a g e   or   as  a  p l a s m i d .  

25  R e c o m b i n a n t   DNA  C l o n i n g   V e c t o r   —  any  a u t o -  

n o m o u s l y   r e p l i c a t i n g   or   i n t e g r a t i n g   a g e n t ,   i n c l u d i n g ,  

b u t   n o t   l i m i t e d   t o ,   p l a s m i d s ,   c o m p r i s i n g   a  DNA  m o l e c u l e  

to   w h i c h   one   or   m o r e   a d d i t i o n a l   DNA  s e g m e n t s   can   be  o r  

h a v e   b e e n   a d d e d .  

30  R e s t r i c t i o n   F r a g m e n t   —  any  l i n e a r   DNA  m o l e c u l e  

g e n e r a t e d   by  t h e   a c t i o n   of   one   or   more   r e s t r i c t i o n  

e n z y m e s   . 
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S e n s i t i v e   H o s t   C e l l - a   h o s t   c e l l   t h a t   c a n n o t  
grow  i n   t h e   p r e s e n c e   o f   a  g i v e n   a n t i b i o t i c   w i t h o u t   a  DNA 
s e g m e n t   t h a t   p r o v i d e s   r e s i s t a n c e   t h e r e t o .  

TcR  -  t h e   t e t r a c y c l i n e - r e s i s t a n t   p h e n o t y p e   o r  5  g e n e   c o n f e r r i n g   s a m e .  
t l r A   -  a  t y l o s i n   r e s i s t a n c e - c o n f e r r i n g   g e n e   o f  

t y p e   A .  

t l r B   -  a  t y l o s i n   r e s i s t a n c e - c o n f e r r i n g   g e n e   o f  
t y p e   B .  

10  T r a n s f o r m a n t —   a  r e c i p i e n t   h o s t   c e l l   t h a t   h a s  
u n d e r g o n e   t r a n s f o r m a t i o n .  

T r a n s f o r m a t i o n —   t h e   i n t r o d u c t i o n   o f   DNA  i n t o   a  
r e c i p i e n t   h o s t   c e l l   t h a t   c h a n g e s   t h e   g e n o t y p e   a n d  
r e s u l t s   i n   a  c h a n g e   i n   t h e   r e c i p i e n t   c e l l .  

15  t s r R   "  t h e '   " t a i o s t r e p t o n - r e s i s t a n t   p h e n o t y p e   o r  
gene   c o n f e r r i n g   s a m e .  

t y l   -  a  t y l o s i n   b i o s y n t h e t i c   g e n e .  

B r i e f   D e s c r i p t i o n   o f   t h ^   F i g u r e s  
20  "  @-* 

The  f i g u r e s   d e s c r i b e d   b e l o w   a r e   d r a w n   t o  
s c a l e .   For   some  r e s t r i c t i o n   e n z y m e s ,   s u c h   as  S a u I I I A l ,  
o n l y   t h e   s i g n i f i c a n t   c u t   s i t e s   a r e   s h o w n .  

25  F i g u r e   1  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  
p l a s m i d   p S V B 9 .  
F i g u r e   2  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  
p l a s m i d   p H J L 3 1 5 .  
F i g u r e   3  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

30  p l a s m i d   p S V B 2 5 .  

F i g u r e   4  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  
p l a s m i d   p S F H 6 2 .  

2 0  
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F i g u r e   5  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

p l a s m i d   p S K C 1 3 .  

F i g u r e   6  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

p l a s m i d   p S F H 6 0 .  

5  F i g u r e   7  i s   a  r e s t r i c t i o n   s i t e   and   f u n c t i o n   map  o f  

p l a s m i d   p S F H 6 1 .  

F i g u r e   8  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

p l a s m i d   p S V B 3 6 .  

F i g u r e   9  i s   a  r e s t r i d t i o n   s i t e   and  f u n c t i o n   map  o f  

10  p l a s m i d   p S V B 2 .  

•  F i g u r e   10  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

p l a s m i d   p I J 9 0 3 .  

F i g u r e   11  i s   a  r e s t r i c t i o n   s i t e   and   f u n c t i o n   map  o f  

p l a s m i d   p S V B 4 0 .  

15  F i g u r e   12  i s   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

p l a s m i d   p S V B 4 7 .  

The  t y l o s i n   r e s i s t a n c e - c o n f e r r i n g   gene   t l r B   i s  

u s e f u l   as  a  s e l e c t a b l e   m a r k e r   i n   many  o r g a n i s m s .   T h e  

20  t l r B   g e n e   can   be  i s o l a t e d   f r o m   p l a s m i d   pSVB9  on  a n  

^ 3 . 3 5   kb  B g l l l - S a c I   r e s t r i c t i o n   f r a g m e n t ;   p l a s m i d   pSVB9 

c a n   be  i s o l a t e d   f rom  S t r e p t o m y c e s   l i v i d a n s   T K 2 3 / p S V B 9 ,  

a  s t r a i n   d e p o s i t e d   and  made  p a r t   o f   t h e   p e r m a n e n t   c u l -  

t u r e   c o l l e c t i o n   o f   t h e   A g r i c u l t u r a l   R e s e a r c h   S e r v i c e ,  

25  N o r t h e r n   R e g i o n a l   R e s e a r c h   C e n t e r   (NRRL),   P e o r i a ,   I L  

6 1 6 0 4 ,   u n d e r   t h e   a c c e s s i o n   n u m b e r   NRRL  1 8 0 7 3 .   A  r e s t r i c -  

t i o n   s i t e   and   f u n c t i o n   map  o f   p l a s m i d   pSVB9  i s   p r e s e n t e d  

i n   F i g u r e   1  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .   P l a s m i d   p S V B 9  

c a n   be  i s o l a t e d   f r o m   S3.  l i v i d a n s   TK23/pSVB9  in   s u b s t a n -  

30  t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   d e s c r i b e d   in   E x a m p l e   1 .  

The  t l r B   g e n e   c a n   a l s o   be  i s o l a t e d   f rom  p l a s m i d   p H J L 3 1 5 ,  

a  p l a s m i d   a v a i l a b l e   f rom  t h e   NRRL  u n d e r   t h e   a c c e s s i o n  
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n u m b e r   NR*L  B - 1 8 0 4 7 .   A  r e s t r i c t i o n   s i t e   and  f u n c t i o n  
map  of  p l a s m i d   pHJL315   i s   p r e s e n t e d   in   F i g u r e   2  o f   t h e  
a c c o m p a n y i n g   d r a w i n g s .  

P l a s m i d s   pSVB9  and  p H J L 3 1 5   s e r v e   as  u s e f u l  
5  s t a r t i n g   m a t e r i a l   f o r   t h e   c o n s t r u c t i o n   of   o t h e r   v e c t o r s  

t h a t   c o n f e r .   t l r B - m e d i a t e d   t y l o s i n   r e s i s t a n c e .   Fo r   e x a m -  
p l e ,   t h e   <v3.35  kb  B g l l l - s a c i ,   t y l o s i n   r e s i s t a n c e - c o n f e r -  
r i n g   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   pSVB9  was  i s o l a t e d  
and  i n s e r t e d   i n t o   t h e   l a r g e   B g l l l - S a c l   r e s t r i c t i o n   f r a g -  

10  m e n t   of   p l a s m i d   p I J 7 0 2   (ATCC  3 9 1 5 5 )   t o   y i e l d   p l a s m i d  
PSVB25.   P l a s m i d   pSVB25  c o m p r i s e s   t h e   t l r B   gene   a n d  
c o n f e r s   t y l o s i n   r e s i s t a n c e   t o   a  v a r i e t y   of   o r g a n i s m s ,   a s  
more   f u l l y   d e s c r i b e d   b e l o w .   The  c o n s t r u c t i o n   p r o t o c o l  
f o r   p l a s m i d   pSVB25  i s   g i v e n   i n   E x a m p l e   2;  a  ;  r e s t r i c t i o n  

15  s i t e   and  f u n c t i o n   map  of   p l a s m i d   pSVB25  i s   p r e s e n t e d   i n  
F i g u r e   3  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .  

P l a s m i d   pHJL315   s e r v e s   as  u s e f u l   s t a r t i n g  
m a t e r i a l   f o r   a  v a r i e t y   of   v e c t o r s   o f   t h e   p r e s e n t   i n v e n -  
t i o n   t h a t   c o n t a i n   t h e   t l r B   g e n e .   P l a s m i d   pHJL315   w a s  

20  d i g e s t e d   w i t h   r e s t r i c t i o n   e n z y m e   B g l l l ,   and  t h e   r e s u l t -  
i n g   - 5 . 0   kb  B g l l l   r e s t r i c t i o n   f r a g m e n t   t h a t   c o m p r i s e s  
t h e   t l r B   g e n e   was  i n s e r t e d   i n t o   BamHI  - d i g e s t e d   p l a s m i d  
PHJL401   to   y i e l d   p l a s m i d s   pSFH62  and  pSFH63.   P l a s m i d  
PHJL401   i s   d i s c l o s e d   in   E P - A - 2 1 3   779  a n d  

25  E s c h e r i c h i a   c o l i   K12  JM109  was  t r a n s f o r m e d   w i t h  
p l a s m i d   p H J L 4 0 1   and  t h e   t r a n s f o r m e d   s t r a i n   d e p o s i t e d  
on  7  May  1987  as  NRRL  B - 1 8 2 1 7 .   P l a s m i d s   pSFH62  a n d  
PSFH63  d i f f e r   o n l y   w i t h   r e s p e c t   to   t h e   o r i e n t a t i o n   o f  
t h e   <v  5 .0   kb  B g l l l   r e s t r i c t i o n   f r a g m e n t ;   a  r e s t r i c t i o n  

30  s i t e   and  f u n c t i o n   map  o f   p l a s m i d   pSFH62  i s   p r e s e n t e d  
in   F i g u r e   4  o f   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  a  s i m i l a r  
c o n s t r u c t i o n ,   an  *  0 .2   kb  B g l l i   r e s t r i c t i o n   f r a g m e n t  
a d j a c e n t   to   t h e   *  5 .0   kb,   t l r B -   c o n t a i n i n g   B g l l l  
r e s t r i c t i o n   f r a g m e n t   on  p l a s m i d   p H J L 3 1 5   was  i n s e r t e d  
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a l o n g   w i t h   t h e   ^ 5 . 0   kb  f r a g m e n t ,   y i e l d i n g   a  t o t a l   i n s e r t  

s i z e   of   ^ 5 . 2   kb,  i n t o   BamHI  - d i g e s t e d   p l a s m i d   p H J L 4 0 1   t o  

y i e l d   p l a s m i d   pSKC13.   A  r e s t r i c t i o n   s i t e   and  f u n c t i o n  

map  o f   p l a s m i d   pSKC13  i s   p r e s e n t e d   in   F i g u r e   5  o f   t h e  

5  a c c o m p a n y i n g   d r a w i n g s .   The  c o n s t r u c t i o n   p r o t o c o l   f o r  

p l a s m i d s   pSFH62,   p S F H 6 3 ,   and   pSKC13  i s   p r e s e n t e d   i n  

E x a m p l e   3 .  

P l a s m i d   pSKC13  was  d i g e s t e d   w i t h   r e s t r i c t i o n  

e n z y m e   Kp_nl,  and  t h e   ~ 3 . 8   kb,   t l r B - c o n t a i n i n g   K E n I  

10  r e s t r i c t i o n   f r a g m e n t   was  i s o l a t e d   and  i n s e r t e d   i n t o  

Kp_nl  - d i g e s t e d   p l a s m i d   pUC19  (ATCC  3 7 2 5 4 )   t o   y i e l d  

p l a s m i d s   pSFH60  and  p S F H 6 0 . 1 .   The  two  p l a s m i d s   d i f f e r  

o n l y   w i t h   r e s p e c t   to   t h e   o r i e n t a t i o n   of   t h e   * 3 . 8   k b  

K p n l   f r a g m e n t ;   a  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

15  p l a s m i d   pSFH60  i s   p r e s e n t e d   i n   F i g u r e   6  of   t h e   a c c o m -  

p a n y i n g   d r a w i n g s .   The  ~ 3 . 8   kb,  t l r B - c o n t a i n i n g   E c o R I -  

H i n d l l l   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   pSFH60  was.  i s o -  

l a t e d   and   t h e n   i n s e r t e d   i n t o   EcoRI   - H i n d i   1  1  - d i g e s t e d  

p l a s m i d   pHJL401   to   y i e l d   p l a s m i d   pSFH61.   A  r e s t r i c t i o n  

20  s i t e   and   f u n c t i o n   map  o f   p l a s m i d   pSFH61  i s   p r e s e n t e d   i n  

F i g u r e   7  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .   The  c o n s t r u c t i o n  

p r o t o c o l   f o r   p l a s m i d s   pSFH60 ,   p S F H 6 0 . 1 ,   and  pSFH61  i s  

d e s c r i b e d   in   E x a m p l e   4 .  

The  p l a s m i d s   o f   t h e   p r e s e n t   i n v e n t i o n   c a n   b e  

25  r e a d i l y   m o d i f i e d   by  t h e   a d d i t i o n   of  o t h e r   DNA  to   m a k e  

e v e n   more   u s e f u l   v e c t o r s .   To  i l l u s t r a t e ,   t h e   t l r A   g e n e  

o f   S t r e p t o m y c e s   f r a d i a e ,   w h i c h   c o n f e r s   t y l o s i n   r e s i s t a n c e  

a n d   i s   d e s c r i b e d   i n   E P - A - 1 7 6   319 ,   has   b e e n   a d d e d   t o   p l a s m i d  

pSVB25  t o   y i e l d   p l a s m i d s   pSVB36  and  pSVB37.   P l a s m i d s  

30  pSVB36  and   pSVB37  w e r e   c o n s t r u c t e d   by  i n s e r t i n g   t h e  

• ^2 .86   kb,   t l r A   g e n e - c o n t a i n i n g   B a m H I - B g l l l   r e s t r i c t i o n  

f r a g m e n t   o f   p l a s m i d   pSVB2  ( d e p o s i t e d   in   S t r e p t o m y c e s  

l i v i d a n s   TK23  u n d e r   a c c e s s i o n   number   NRRL  1 5 8 8 0 )   i n t o  



0 2 5 1 5 1 0  
X - 6 7 2 8   « 7 _  

B g l l l - d i g e s t e d   p l a s r a i d   pSVB25.   The  two  p l a s m i d s   d i f f e r  
o n l y   w i t h   r e s p e c t   to   t h e   o r i e n t a t i o n   of   t h e   * 2 . 8 6   k b  
r e s t r i c t i o n   f r a g m e n t ,   and  a  r e s t r i c t i o n   s i t e   and  f u n c -  
t i o n   map  o f   p l a s m i d   pSVB36  i s   p r e s e n t e d   i n   F i g u r e   8  o f  

5  t h e   a c c o m p a n y i n g   d r a w i n g s .   The  c o n s t r u c t i o n   p r o t o c o l  
f o r   p l a s m i d s   pSVB36  and  pSVB37  i s   p r e s e n t e d   i n   E x a m p l e   5 .  

The  t l r B   g e n e   h a s   a l s o   b e e n   u s e d   to   c o n s t r u c t  
v e c t o r s   t h a t   h a v e   a  low  c o p y   n u m b e r   in   S t r e p t o m v c e s   . 
The  * 3 . 3 5   kb,  t l r B -   c o n t a i n i n g   S s t l - B g l l l   r e s t r i c t i o n  

10  f r a g m e n t   of   p l a s m i d   pSVB25  was  i n s e r t e d   i n t o   S s t i - B a m H I -  
d i g e s t e d   p l a s m i d   pUC19  to   y i e l d   p l a s m i d   pSVB40.   P l a s m i d  
PSVB40  was  t h e n   d i g e s t e d   w i t h   r e s t r i c t i o n   e n z y m e s   E c o R I  
and   H i n d i   I  I,  and  t h e   ^ 3 . 8   kb,   t l r B - c o n t a i n i n g   E c o R l -  
H i n d l l l   r e s t r i c t i o n   f r a g m e n t   was  i s o l a t e d ,   p u r i f i e d ,   a n d  

15  l i g a t e d   to   EcoRI   - H i n d i   I  I - d i g e s t e d   p l a s m i d   p I J 9 0 3   t o  
y i e l d   p l a s m i d   pSVB47.   P l a s m i d   p I J 9 0 3   was  d i s c l o s e d   i n  
L y d i a t e   e t   a l   .  ,  1 9 8 5 ,   Gene  3 5 : 2 2 3 - 2 3 5 ,   .and  can   be  o b -  
t a i n e d   f rom  t h e   J o h n   I n n e s   S t r e p t o m v c e s   C u l t u r e   C o l l e c -  
t i o n ,   J o h n   I n n e s   I n s t i t u t e ,   C o l n e y   L a n e ,   N o r w i c h ,   E n g -  

20  l a n d   NR4-7UH,  u n d e r   t h e   a c c e s s i o n   n u m b e r   3 4 1 7 .   P l a s m i d  
P I J 9 0 3   has   a  c o p y   n u m b e r   of   a b o u t   1  i n   S t r e p t o m v c e s   : 
p l a s m i d   pSVB47  has   a  s i m i l a r   copy   n u m b e r .   R e s t r i c t i o n  
s i t e   and  f u n c t i o n   maps  o f   p l a s m i d s   pSVB40  and  pSVB47  a r e  
r e s p e c t i v e l y   p r e s e n t e d   i n   F i g u r e s   11  and  12.   The  c o n -  

25  s t r u c t i o n   p r o t o c o l   f o r   p l a s m i d   pSVB47  i s   p r e s e n t e d   i n  
E x a m p l e   7 .  

R e s t r i c t i o n   f r a g m e n t s   u s e d   to   c o n s t r u c t  
v e c t o r s   i l l u s t r a t i v e   o f   t h e   p r e s e n t   i n v e n t i o n   can   b e  
c o n v e n t i o n a l l y   m o d i f i e d   to   f a c i l i t a t e   l i g a t i o n .   F o r  

30  e x a m p l e ,   m o l e c u l a r   l i n k e r s   can   be  p r o v i d e d   to   a  p a r t i c u -  
l a r   t y l o s i n   r e s i s t a n c e   g e n e - c o n t a i n i n g   r e s t r i c t i o n   f r a g -  
m e n t   or   to  DNA  c o m p r i s i n g   v e c t o r   r e p l i c a t i o n   or   i n t e g r a -  
t i o n   f u n c t i o n s .   T h u s ,   s p e c i f i c   s i t e s   f o r .   s u b s e g u e n t  
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l i g a t i o n   can   be  c o n v e n i e n t l y   c o n s t r u c t e d .   In  a d d i t i o n ,  

t h e   v a r i o u s   t y l o s i n   r e s i s t a n c e   g e n e - c o n t a i n i n g   r e s t r i c -  

t i o n   f r a g m e n t s ,   o r i g i n   o f   r e p l i c a t i o n ,   or   i n t e g r a t i o n  

s e q u e n c e s   of-  a  g i v e n   v e c t o r   can   be  m o d i f i e d   by  a d d i n g ,  

5  e l i m i n a t i n g ,   or   s u b s t i t u t i n g   c e r t a i n   n u c l e o t i d e s   t o  

a l t e r   c h a r a c t e r i s t i c s   and   t o   p r o v i d e   a  v a r i e t y   o f  

r e s t r i c t i o n   s i t e s   f o r   l i g a t i o n   of   DNA.  T h o s e   s k i l l e d   i n  

t h e   a r t   u n d e r s t a n d   n u c l e o t i d e   c h e m i s t r y   and  t h e   g e n e t i c  

c o d e   and  t h u s   w h i c h   n u c l e o t i d e s   a r e   i n t e r c h a n g e a b l e   a n d  

10  w h i c h   DNA  m o d i f i c a t i o n s   a r e   d e s i r a b l e   f o r   a  s p e c i f i c  

p u r p o s e .   I t   i s   a l s o   n o t e w o r t h y   t h a t   a  g i v e n   t y l o s i n  

r e s i s t a n c e   g e n e - c o n t a i n i n g   r e s t r i c t i o n   f r a g m e n t   i s   n o t  

l i m i t e d   to   a  p a r t i c u l a r   p o s i t i o n   on  a  c l o n i n g   v e c t o r ,   a s  

l o n g   as  c r i t i c a l ,   v e c t o r - c o n t r o l l e d   f u n c t i o n s   a r e   n o t  

15 '   d i s r u p t e d .   T h o s e   s k i l l e d   i n   t h e   a r t   u n d e r s t a n d   or   c a n  

r e a d i l y   d e t e r m i n e   w h i c h   s i t e s   on  a  v e c t o r   a r e   a d v a n t a -  

g e o u s   f o r   t h e   l i g a t i o n   or   i n s e r t i o n   o f   a  p a r t i c u l a r  

t y l o s i n   r e s i s t a n c e   g e n e - c o n t a i n i n g   r e s t r i c t i o n   f r a g m e n t .  

The  t l r B   g e n e   was  i s o l a t e d   f r o m   a  t y l o s i n -  

20  p r o d u c i n g   s t r a i n   o f   S t r e p t o m y c e s   f r a d i a e .   T h u s ,  

g e n o m i c   DNA  of   S.  f r a d i a e   was  p a r t i a l l y   d i g e s t e d   w i t h  

r e s t r i c t i o n   e n z y m e   S a u I I I A l ,   and  t h e   r e s u l t i n g   DNA  w a s  

i n s e r t e d   i n t o   Bgl   I  I  - d i g e s t e d   p l a s m i d   p I J 7 0 2   t o   y i e l d   a  

n u m b e r   o f   t l r B - c o n t a i n i n g   p l a s m i d s ,   i n c l u d i n g   p l a s m i d  

25  pSVB9.   In  a  s i m i l a r   f a s h i o n ,   g e n o m i c   DNA  f r o m   t h e   s a m e  

s t r a i n   of   S.  f r a d i a e   was  p a r t i a l l y   d i g e s t e d   w i t h   r e s t r i c -  

t i o n   enzyme   Mbo  I,  and   t h e   r e s u l t i n g   Mbo  I  - d i g e s t e d   DNA 

was  c l o n e d   i n t o   t h e   BamHI  s i t e   of   p l a s m i d   pKC462A,   a  

p l a s m i d   a v a i l a b l e   f r o m   t h e   NRRL  u n d e r   t h e   a c c e s s i o n  

30  n u m b e r   NRRL  B - 1 5 9 7 3 .   The  i n s e r t   was  e x c i s e d   on  an  E c o R I  
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r e s t r i c t i o n   f r a g m e n t   and  c l o n e d   i n t o   p l a s m i d   p H J L 4 0 1  
to   y i e l d   p l a s m i d   p H J L 3 1 5 .   B e c a u s e   t h e   t l r B   g e n e   w a s  
i s o l a t e d   f rom  S.  f r a d i a e ,   t h e   t l r B   g e n e   f u n c t i o n s   i n  
S.  f r a d i a e ,   b u t   t h e   u n m o d i f i e d   gene   a l s o   f u n c t i o n s   i n  

5  o t h e r   o r g a n i s m s .  

The  v e c t o r s   o f   t h e   p r e s e n t   i n v e n t i o n   h a v e   a l s o  
b e e n   u s e d   to   t r a n s f o r m   S t r e p t o m v c e s   l i v i d a n s   to   t y l o s i n  
r e s i s t a n c e ,   as  d e s c r i b e d   in   E x a m p l e   6.  T h u s ,   t h e   t l r B  
g e n e   c an   be  u s e d   to   t r a n s f o r m   a  v a r i e t y   o f   S t r e p t o m v c e s   

' 

10  s t r a i n s   to   t y l o s i n   r e s i s t a n c e .   '  
H o w e v e r ,   t h e   t l r B   g e n e  

d o e s   n o t   c o n f e r   h i g h - l e v e l   t y l o s i n   r e s i s t a n c e   to   s .  
g r i s e o f u s c u s ,   t h u s   i n d i c a t i n g   t h a t   t h e   p r o m o t e r   o f   t h e  
t l r B   g e n e   may  n o t   e f f i c i e n t l y   f u n c t i o n   i n   a l l   h o s t   c e l l s .  

H o w e v e r ,   p l a s m i d s   pSVB9  and  p H J L 3 1 5   c o n t a i n  
15  t h e   c o m p l e t e   t l r B   g e n e :   (1)   a  p r o m o t e r   t h a t   d i r e c t s  

t r a n s c r i p t i o n   o f   t h e   p r o t e i n - c o d i n g   s e q u e n c e ;   (2)   a  
s e q u e n c e   t h a t ,   when  t r a n s c r i b e d   i n t o   mRNA,  d i r e c t s  
t r a n s l a t i o n   o f   t h e   t r a n s c r i p t ;   (3)   a  p r o t e i n - c o d i n g  
s e q u e n c e ;   and  (4)   a  t r a n s c r i p t i o n   t e r m i n a t o r .   E a c h   o f  

20  t h e s e   e l e m e n t s   i s   i n d e p e n d e n t l y   u s e f u l   and  c a n ,   t h r o u g h  
t h e   t e c h n i q u e s   o f   r e c o m b i n a n t   DNA  t e c h n o l o g y ,   be  u s e d   t o  
fo rm  r e c o m b i n a n t   g e n e s   o f   g r e a t   v a r i e t y .   DNA  s e q u e n c i n g  
o f   t h e   ^ 3 . 3 5   kb  B c j l l l - s s t l   r e s t r i c t i o n   f r a g m e n t   o f  
p l a s m i d   pSVB9  w i l l   r e v e a l   t h e   p r e c i s e   l o c a t i o n   o f   t h e  

25  t l r B   c o d i n g   s e q u e n c e   and  t h u s   a l l o w   one  to   p o s i t i o n  
o t h e r   p r o m o t e r s   i n   r e a d i n g   p h a s e   w i t h   t h e   t l r B   c o d i n g  
s e q u e n c e .   By  c h o o s i n g   t h e   p r o p e r   p r o m o t e r ,   one  c a n  
c o n s t r u c t   v e c t o r s   t h a t   d r i v e   e x p r e s s i o n   o f   t h e   t l r B   g e n e  
p r o d u c t   i n   any  g i v e n   h o s t   c e l l .   The  p r o m o t e r   o f   t h e  

30  t l r B   g e n e   i s   u s e f u l   i n   i t s   own  r i g h t .   The  p r o m o t e r   a n d  
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o t h e r   r e g u l a t o r y   e l e m e n t s   o f   t h e   t l r B   gene   c a n   be  l i n k e d   . 

to   t h e   c o d i n g   s e q u e n c e   o f   a  n o n - t y l o s i n   a n t i b i o t i c  

b i o s y n t h e t i c   g e n e   to   p r e p a r e   a  h y b r i d   gene   t h a t   m i g h t  

f u n c t i o n   i n   S t r e p t o m y c e s   f r a d i a e   to   y i e l d   a  h y b r i d  

5  a n t i b i o t i c .   T h u s ,   t h e   i n d i v i d u a l   e l e m e n t s   o f   t h e   g e n e  

on  t h e   p l a s m i d s   d e s c r i b e d   h e r e i n   c o m p r i s e   i m p o r t a n t  

c o m p o n e n t s   of   t h e   p r e s e n t   i n v e n t i o n .  

A l t h o u g h   t h e   a b o v e - d e s c r i b e d   v e c t o r s   c o m p r i s e  

t h e   S t r e p t o m y c e s   r e p l i c o n   d e r i v e d   e i t h e r   f rom  p l a s m i d  

10  p I J 7 0 ' 2 ,   p I J 9 0 3 ,   or   p H J L 4 0 1 ,   a  v a r i e t y   of   known  S t r e p t o -  

m y c e s   r e p l i c o n s   c an   be  u s e d   t o   c o n s t r u c t   e q u a l l y   u s e f u l  

v e c t o r s   w i t h   d i f f e r e n t   h o s t   r a n g e s .   T a b l e   1  i s   an  i l l u s -  

t r a t i v e ,   b u t   n o t   c o m p r e h e n s i v e ,   l i s t i n g   o f   S t r e p t o m y c e s  

p l a s m i d s   f rom  w h i c h   S t r e p t o m y c e s   r e p l i c o n s   c an   be  o b -  

15  t a i n e d .   T h o s e   s k i l l e d   i n   t h e   a r t   r e c o g n i z e   t h a t ,   s o  

l o n g   as  t h e   r e p l i c o n   f u n c t i o n   i s   n o t   d i s r u p t e d ,   a l l   o r  

p a r t   o f   t h e   p l a s m i d s   may  be  u s e d   to   c o n s t r u c t   v e c t o r s  

t h a t   c o n t a i n   t h e   t l r B   g e n e   o f   t h e   p r e s e n t   i n v e n t i o n .  

The  p l a s m i d - c o n t a i n i n g   h o s t   and   d e p o s i t o r y   a c c e s s i o n  

20  n u m b e r   a r e   a l s o   l i s t e d   in   T a b l e   1 .  
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T a b l e   1 
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b ^ - h   A c c e s s i o n  
S ° = i   N u m b e r  
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PUC6  S t r e p t o m v c e s   e s p i n o s u s   xtppt.  1 M g «  
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SLP1  S t r e p t o m y c e s   l i v i d a n s   mp tu*   m i 7  
PNM100  S t r e p t o m y c e s   v i r g i n i a e   wppr.  K 1 C f i  
PEL103  S t r e p t o m v c e s   g r a n u l o r u b e r  

A399  1 2 . 1 3 / p E L 1 0 3   n r r l   1 2 5 4 9 :  
P I J 7 0 2   S t r e p t o m v c e s   l i v i d a n s   a t p p * *   ? q 1 5 5  

1 0  

1 5  

N a t i o n a l   C o l l e c t i o n   of   I n d u s t r i a l   B a c t e r i a   ( n c i r \  
T ? ? ? H K e s e n r c h   s t a t i o n '   p o s t   o f f i c e   S £   S i )   I B ) '  

J n i t e i ^ L g d o m :   ^ ^   AB98DG'  S C O t l a n d '  
* *  

* © e r 2 0 8 5 2 T Y P e   C u l t U r e   C o l l e c t i o n ,   R o c k v i l l e ,  

Of  c o u r s e ,   t h e   t l r B   g e n e   c a n   be  u s e d   to   c o n -  
s t r u c t   v e c t o r s   o t h e r   t h a n   p l a s m i d s .   P h a g e   0C31  i s   a  
w e l l - k n o v m   S t r e p t o m v c e s   p h a g e   t h a t   i s   an  e x c e l l e n t  
s o u r c e   of   s t a r t i n g   m a t e r i a l   f o r   c o n s t r u c t i n g   i n t e g r a t i v e  
t y l o s i n   r e s i s t a n c e - c o n f e r r i n g   v e c t o r s   t h a t   f u r t h e r   e x e m -  
p l i f y   t h e   p r e s e n t   i n v e n t i o n .   A  d e r i v a t i v e   o f   p h a g e   0 C 3 1 ,  
p h a s m i d   PKC331,   i s   e s p e c i a l l y   p r e f e r r e d   f o r   c o n s t r u c t i n g '  
s u c h   i n t e g r a t i n g   v e c t o r s   and  c an   be  o b t a i n e d   f rom  E .  

2 0  

2 5  

3 0  
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c o l i   K12  B E 4 4 7 / p K C 3 3 1   (NRRL  B - 1 5 8 2 8 ) .   0 C 3 1 - t y p e   p h a g e s  

a r e   i n t e g r a t i v e   v e c t o r s   and  can   be  r e a d i l y   m o d i f i e d   t o  

i n c o r p o r a t e   t h e   t l r B   gene   and  t h u s   c o n f e r   t y l o s i n  

r e s i s t a n c e   t o   S t r e p t o m y c e s   . 

5  The  v e c t o r s   of   t h e   p r e s e n t   i n v e n t i o n   c o m p r i s e  

a  S t r e p t o m y c e s   r e p l i c o n   and  a  t y l o s i n   r e s i s t a n c e - c o n f e r -  

r i n g   r e s t r i c t i o n   f r a g m e n t .   B e c a u s e   a m p l i f i c a t i o n   a n d  

m a n i p u l a t i o n   o f   p l a s m i d s   i s   done   f a s t e r   and  more  e f f i -  

c i e n t l y   i n   E.  c o l i   t h a n   in   S t r e p t o m y c e s   ,  i t   i s   c o n v e n -  

10  i e n t   to  add   DNA  s e q u e n c e s   t h a t   a l s o   a l l o w   f o r   r e p l i c a t i o n  

i n   E.  c o l i .   T h u s ,   t h e   a d d i t i o n   o f   f u n c t i o n a l   r e p l i c o n -  

c o n t a i n i n g   and   a n t i b i o t i c   r e s i s t a n c e - c o n f e r r i n g   r e s t r i c -  

t i o n   f r a g m e n t s   f r o m   E.  c o l i   p l a s m i d s   s u c h   a s ,   f o r  

e x a m p l e ,   p B R 3 2 2 ,   pACYC184,  pBR325 ,   p B R 3 2 8 ,   and  t h e   l i k e  

15  i s   h i g h l y   a d v a n t a g e o u s   and  a d d s   to   t h e   g e n e r a l   u t i l i t y   o f  

t h e   p r e s e n t   i l l u s t r a t i v e   v e c t o r s .  

The  v e c t o r s   u s e d   i n   t h e   p r e s e n t   m e t h o d   c o n f e r "  

t y l o s i n   r e s i s t a n c e   to   t y l o s i n - s e n s i t i v e   S t r e p t o m y c e s   o r  

r e l a t e d   h o s t   c e l l s .   A l t h o u g h   10  p g / m l   o f   t y l o s i n   i s  

20  g e n e r a l l y   t o x i c   to   t y l o s i n - s e n s i t i v e   S t r e p t o m y c e s   , 

v e c t o r s   o f   t h e   p r e s e n t   i n v e n t i o n   c o n f e r   r e s i s t a n c e   t o  

l e v e l s   a p p r o a c h i n g   10  mg/ml   of   t y l o s i n .   The  p r e f e r r e d  

t y l o s i n   c o n c e n t r a t i o n   f o r   p u r p o s e s   o f   s e l e c t i o n ,   h o w e v e r ,  

i s   a b o u t   500  j j g / m l   f o r   S t r e p t o m y c e s   l i v i d a n s   .  The  p r e -  

25  f e r r e d   t y l o s i n   c o n c e n t r a t i o n   f o r   p u r p o s e s   o f   s e l e c t i o n  

f o r   o t h e r   t y l o s i n - s e n s i t i v e   m i c r o o r g a n i s m s   i s   r e a d i l y  

d e t e r m i n e d   by  p r o c e d u r e s   w e l l - k n o w n   i n   t h e   a r t   and  d e -  

p e n d s   u p o n   t h e   p r o m o t e r   u s e d   to   d r i v e   e x p r e s s i o n   o f   t h e  

t l r B   gene   and   t h e   o r g a n i s m ' s   s e n s i t i v i t y   t o   t y l o s i n .  
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The  t l r B   g e n e   c o n f e r s   r e s i s t a n c e   to   t y l o s i n  and  may  c o n f e r   r e s i s t a n c e   to   o t h e r   a n t i b i o t i c s .   I n d u c i b l e  
r e s i s t a n c e   to   m a c r o l i d e   a n t i b i o t i c s ,   such ,   as  t y l o s i n   a n d  
e r y t h r o m y c i n   i n   G r a m - p o s i t i v e   b a c t e r i a   ( s u c h   a s  5  S t a p h y l o c o c c u s ,   S t r e p t o m v c e s   .  S t r e p t o c o c c u s ,   a n d  
B a c i l l u s ) ,   i s   a s s o c i a t e d   w i t h   c o - r e s i s t a n c e   to   l i n c o s a m i d e  
and  s t r e p t o g r a m i n - t y p e   B  a n t i b i o t i c s ;   t h i s   m u l t i - d r u g -  
r e s i s t a n t   p h e n o t y p e   i s   c a l l e d   t h e   M L S - r e s i s t a n t   p h e n o t y p e  

10  
^ T i ^   W e i S b l U m '   1 9 8 1 '   J*  B a C t S r i o 1 -   1 4 6 : 6 2 1 - 6 3 1 ) .  10  in   S t a p h y l o c o c c u s   a u r e u s ,   t h e   M L S - r e s i s t a n t   p h e n o t y p e  

a r i s e s   u p o n   s p e c i f i c   m e t h y l a t i o n   o f   an  a d e n i n e   r e s i d u e  
in   23S  r i b o s o m a l   RNA  (rRNA)  r e s u l t i n g   i n   t h e   f o r m a t i o n  
o f   N e - d i m e t h y l a d e n i n e .   A  n u m b e r   o f   S t r e p t o m v c e s   s p e c i e s  
m o s t   o f   w h i c h   p r o d u c e   M L S - a n t i b i o t i c s ,   e x p r e s s   t h e  

15  M L S - r e s i s t a n t   p h e n o t y p e .   The  rRNA  f rom  t h e s e   s p e c i e s  
c o n t a i n s   N*  -monome  t h y   1  a d e n i n e ,   N*-  d i m e t h y l   a d e n i n e ,   o r  b o t h .   M L S - r e s i s t a n c e   i n   S t r e p t o m v c e s   e r y t h r e u s .   a n  
e r y t h r o m y c i n   p r o d u c e r ,   a r i s e s   u p o n   N<*  - d i m e t h y l   a t i   o n  
of   a  s i n g l e   a d e n i n e   r e s i d u e   i n   23S  rRNA.  T h o m p s o n  

20  e t   a l .   c l o n e d   a  S.  e r y t h r e u s   g e n e   t h a t   c o n f e r r e d  
e r y t h r o m y c i n   r e s i s t a n c e   i n   S.  l i v i d a n s   v i a   a  m e c h a n i s m  
t h a t   g e n e r a t e d   N*-  d i m e t h y l   a d e n i n e   in   23S  rRNA.  i t   i s  
h i g h l y   l i k e l y   and  e x p e c t e d   t h a t   t h e   t l r B   gene   c o n f e r s  
t h e   M L S - r e s i s t a n t   p h e n o t y p e .  
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S t r e p t o m v c e s   l i v i d a n s   TK23  i s   s e n s i t i v e   t o  

t y l o s i n   a t   t h e   c o n c e n t r a t i o n s   ( ^500   MS/ml)   u s e d   f o r  

s e l e c t i o n   o f   t r a n s f o r m a n t s   c o n t a i n i n g   t h e   t l r B   g e n e .  

The  TK23  s t r a i n   d o e s   seem  to   p o s s e s s   an  e n d o g e n o u s  

5-  M L S - r e s i   s t a n c e - c o n f e r r i n g   c a p a b i l i t y ,   h o w e v e r .   I n  

p r e l i m i n a r y   e x p e r i m e n t s ,   TK23  was  s e n s i t i v e   to   l o w  

l e v e l s   (£25  p g / m l )   of   t y l o s i n ,   b u t   p r e - e x p o s u r e   t o  

1  n g / m l   o f   t y l o s i n   i n d u c e d   r e s i s t a n c e   to   t y l o s i n   a t  

c o n c e n t r a t i o n s   up  to   100  \ i g / m l .   The  e n d o g e n o u s   MLS 

10  s y s t e m ,   h o w e v e r ,   i s   a p p a r e n t l y   i n c a p a b l e   o f   c o n f e r r i n g  

r e s i s t a n c e   to   t y l o s i n   a t   l e v e l s   u s e d   to   s e l e c t   t h e  

c l o n e d   t l r B   g e n e .  
The  r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r s   o f   t h e  

p r e s e n t   i n v e n t i o n   h a v e   b r o a d   u t i l i t y   and  h e l p   f i l l   t h e  

15  n e e d   f o r   s u i t a b l e   c l o n i n g   v e h i c l e s   f o r   u s e   i n   S t r e p t o -  

myces   and   r e l a t e d   o r g a n i s m s .   M o r e o v e r ,   t h e   a b i l i t y   o f   \_  

t h e   p r e s e n t   v e c t o r s   to   c o n f e r   t y l o s i n   r e s i s t a n c e   p r o -  

v i d e s   a  f u n c t i o n a l   m e a n s   f o r   s e l e c t i n g   t r a n s f o r m a n t s .  

T h i s   i s   i m p o r t a n t   b e c a u s e   o f   t h e   p r a c t i c a l   n e c e s s i t y   f o r  

20  d e t e r m i n i n g   and  s e l e c t i n g   t h e   p a r t i c u l a r   c e l l s   t h a t   h a v e  

a c q u i r e d   v e c t o r   DNA  in   a  t r a n s f o r m a t i o n   p r o c e d u r e .  

A d d i t i o n a l   DNA  s e g m e n t s ,   t h a t   l a c k   f u n c t i o n a l  

t e s t s   f o r   t h e i r   p r e s e n c e ,   c an   a l s o   be  i n s e r t e d   i n t o   t h e  

p r e s e n t   v e c t o r s ,   and  t r a n s f o r m a n t s   c o n t a i n i n g   t h e   n o n -  

25  s e l e c t a b l e   DNA  can   be  i s o l a t e d   by  s e l e c t i o n   f o r   t y l o s i n  

r e s i s t a n c e .   S u c h   n o n - s e l e c t a b l e   DNA  s e g m e n t s   c an   b e  

i n s e r t e d   a t   any  s i t e ,   e x c e p t   w i t h i n   r e g i o n s   n e c e s s a r y  
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f o r   p l a s m i d   f u n c t i o n   and  r e p l i c a t i o n   or   w i t h i n   t h e   t l r B  
g e n e ,   and  i n c l u d e ,   b u t   a r e   n o t   l i m i t e d   t o ,   g e n e s   t h a t  
s p e c i f y   a n t i b i o t i c   m o d i f i c a t i o n   e n z y m e s   and  r e g u l a t o r y  
g e n e s   of   a l l   t y p e s .  

5  More  p a r t i c u l a r l y ,   a  n o n - s e l e c t a b l e   DNA  s e g -  
m e n t   t h a t   c o m p r i s e s   a  gene   i s   i n s e r t e d   i n t o   a  p l a s m i d  
s u c h   a s ,   f o r   e x a m p l e ,   p l a s m i d   pSVB9  a t   t h e   c e n t r a l   c l a l  
r e s t r i c t i o n   s i t e   o f   t h e   t h i o s t r e p t o n   r e s i s t a n c e   g e n e .  
Such   an  i n s e r t i o n   i n a c t i v a t e s   t h e   t h i o s t r e p t o n   r e s i s -  

10  t a n c e   g e n e   and  t h u s   a l l o w s   f o r   t h e   e a s y   i d e n t i f i c a t i o n  
o f   t r a n s   f o r m a n t s   c o n t a i n i n g   t h e   r e c o m b i n a n t   p l a s m i d .  
T h i s   i s   done   by  f i r s t   s e l e c t i n g   f o r   t y l o s i n   r e s i s t a n c e  
and ,   s e c o n d a r i l y ,   i d e n t i f y i n g   t h o s e   t y l o s i n - r e s i s t a n t  
t r a n s   f o r m a n t s   t h a t   a r e   n o t   r e s i s t a n t   to   t h i o s t r e p t o n .  

15  T h e r e f o r e ,   t h e   a b i l i t y   to   s e l e c t   f o r   t y l o s i n   r e s i s -  
t a n c e   i n   S t r e p t o m v c e s   and  r e l a t e d   c e l l s   a l l o w s   f o r   t h e  
e f f i c i e n t   i s o l a t i o n   o f   t h e   e x t r e m e l y   r a r e   c e l l s   t h a t  
c o n t a i n   t h e   p a r t i c u l a r   n o n - s e l e c t a b l e   DNA  o f   i n t e r e s t .  

The  f u n c t i o n a l   t e s t   f o r   t y l o s i n   r e s i s t a n c e ,  
20  d e s c r i b e d   a b o v e ,   i s   a l s o   u s e d   to   l o c a t e   DNA  s e g m e n t s  

t h a t   a c t   as  c o n t r o l   e l e m e n t s   and  d i r e c t   e x p r e s s i o n   o f   a n  
i n d i v i d u a l   a n t i b i o t i c   r e s i s t a n c e   g e n e .   Such   s e g m e n t s ,  
i n c l u d i n g ,   b u t   n o t   l i m i t e d   t o ,   p r o m o t e r s ,   a t t e n u a t o r s ,  
r e p r e s s o r s ,   i n d u c e r s ,   r i b o s o m e - b i n d i n g   s i t e s ,   and  t h e  

25  l i k e ,   a r e   u s e d   to   c o n t r o l   t h e   e x p r e s s i o n   o f   o t h e r   g e n e s  
i n   S t r e p t o m v c e s   and  r e l a t e d   o r g a n i s m s .  

The  t y l o s i n   r e s i s t a n c e - c o n f e r r i n g   v e c t o r s   o f  
t h e   p r e s e n t   i n v e n t i o n   a r e   a l s o   u s e f u l   f o r   e n s u r i n g   t h a t  
l i n k e d   DNA  s e g m e n t s   a r e   s t a b l y   m a i n t a i n e d   i n   h o s t   c e l l s  

30  o v e r   many  g e n e r a t i o n s .   T h e s e   g e n e s   or   DNA  f r a g m e n t s ,  
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c o v a l e n t l y   l i n k e d   t o   t h e   t y l o s i n   r e s i s t a n c e - c o n f e r r i n g  

DNA  and  p r o p a g a t e d   i n   S t r e p t o m y c e s   ,  a r e   m a i n t a i n e d   b y  

e x p o s i n g   t h e   t r a n s f o r m a n t s   t o   l e v e l s   of   t y l o s i n   t o x i c   t o  

n o n -   t r a n s   f o r m e d   c e l l s .   T h e r e f o r e ,   t r a n s f o r m a n t s   t h a t  

5  l o s e   t h e   v e c t o r ,   and   c o n s e q u e n t l y   l o s e   any  c o v a l e n t l y  

l i n k e d   DNA,  c a n n o t   g row  and  a r e   e l i m i n a t e d   f rom  t h e  

c u l t u r e .   T h u s ,   t h e   v e c t o r s   o f   t h e   p r e s e n t   i n v e n t i o n   c a n  

s t a b i l i z e   and  m a i n t a i n   any  DNA  s e q u e n c e   o f   i n t e r e s t .  

The  c l o n i n g   v e c t o r s   and  t r a n s f o r m a n t s   o f   t h e  

10  p r e s e n t   i n v e n t i o n   p r o v i d e   f o r   t h e   c l o n i n g   o f   g e n e s   t o  

i m p r o v e   y i e l d s   o f   v a r i o u s   p r o d u c t s   t h a t   a r e   c u r r e n t l y  

p r o d u c e d   i n   S t r e p t o m y c e s   and   r e l a t e d   c e l l s   .  E x a m p l e s   o f  

s u c h   p r o d u c t s   i n c l u d e ,   b u t   a r e   n o t   l i m i t e d   t o ,   S t r e p t o -  

m y c i n ,   T y l o s i n ,   C e p h a l o s p o r i n s   ,  A c t a p l a n i n ,   N a r a s i n ,  

15  M o n e n s i n ,   T o b r a m y c i n ,   E r y t h r o m y c i n ,   and  t h e   l i k e .   T h e  

p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   s e l e c t a b l e   v e c t o r s   t h a t  

a r e   u s e f u l   f o r   c l o n i n g ,   c h a r a c t e r i z i n g ,   and  r e c o n s t r u c t -  

i n g   DNA  s e q u e n c e s   t h a t   c o d e   f o r :   c o m m e r c i a l l y   i m p o r t a n t  

p r o t e i n s   s u c h   a s ,   f o r   e x a m p l e ,   human  i n s u l i n ,   h u m a n  

20  p r o i n s u l i n ,   g l u c a g o n ,   i n t e r f e r o n   and  t h e   l i k e ;   e n z y m a t i c  

f u n c t i o n s   in   m e t a b o l i c   p a t h w a y s   l e a d i n g   to   c o m m e r c i a l l y  

i m p o r t a n t   p r o c e s s e s   and   c o m p o u n d s ;   o r   c o n t r o l   e l e m e n t s  

t h a t   i m p r o v e   g e n e   e x p r e s s i o n .   T h e s e   d e s i r e d   DNA  s e -  

q u e n c e s   a l s o   i n c l u d e ,   b u t   a r e   n o t   l i m i t e d   t o ,   DNA  t h a t  

25  c o d e s   f o r   e n z y m e s   t h a t   c a t a l y z e   s y n t h e s i s   o f   d e r i v a t i z e d  

a n t i b i o t i c s   s u c h   a s ,   f o r   e x a m p l e ,   S t r e p t o m y c i n ,   C e p h a l o -  

s p o r i n ,   T y l o s i n ,   A c t a p l a n i n ,   N a r a s i n ,   M o n e n s i n   a n d  

E r y t h r o m y c i n   d e r i v a t i v e s ,   o r   f o r   e n z y m e s   t h a t   m e d i a t e  

and   i n c r e a s e   b i o p r o d u c t i o n   o f   a n t i b i o t i c s   o r   o t h e r  

30  p r o d u c t s .   The  c a p a b i l i t y   f o r   i s o l a t i n g   and  u s i n g   s u c h  
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DNA  s e g m e n t s   a l l o w s   f o r   i n c r e a s i n g   t h e   y i e l d   and  a v a i l -  
e d   I I I   l * ^ 1 0 ^ *   t t a t   « »   P " * o « >   by  S t r e e t o a y c e s  and  r e l a t e d   o r g a n i s m s .  

s t r e p t o m v c e . s   c a n   be  c u l t u r e d   i n   a  n u m b e r   o f  5  ways   u s i n g   any  o f   s e v e r a l   d i f f e r e n t   m e d i a .   P r e f e r r e d  
c a r b o h y d r a t e   s o u r c e s   i n   a  c u l t u r e   med ium  i n c l u d e ,   f o r  
e x a m p l e ,   m o l a s s e s ,   g l u c o s e ,   d e x t r i n ,   and  g l y c e r o l  
N i t r o g e n   s o u r c e s   i n c l u d e ,   f o r   e x a m p l e ,   soy   f l o u r ,   ' a m i n o  
a c i d   m a t u r e s ,   and  p e p t o n e s .   N u t r i e n t   i n o r g a n i c   s a l t s  a r e   a l s o   i n c o r p o r a t e d   and  i n c l u d e   t h e   c u s t o m a r y   s a l t s  
Z T l \ ° f   y ^ l d i D 9   S ° d i U m '   P O t a S S l ™ '   —   « * » .   c a l c i u m ,  p h o s p h a t e ,   c h l o r i d e ,   s u l f a t e ,   and  l i k e   i o n s .   As  i s  
n e c e s s a r y   f o r   t h e   g r o w t h   and  d e v e l o p m e n t   o f   o t h e r   m i c r o -  
o r g a n i s m s ,   e s s e n t i a l   t r a c e   e l e m e n t s   a re .   a l s o   a d d e d  15  Such   t r a c e   e l e m e n t s   a r e   c o m m o n l y   s u p p l i e d   as  i m p u r i t i e s  
i n c i d e n t a l   to   t h e   a d d i t i o n   o f   o t h e r   c o n s t i t u e n t s   o f   t h e  m e d i u m .  

S t r e p t o m y c e s   i s   g r o w n   u n d e r   a e r o b i c   c u l t u r e  
c o n d i   t i o n s   o v e r   a  r e l a t i v e l y   w ide   pH  r a n g e   o f   a b o u t   5  t o  20  9  a t   t e m p e r a t u r e s   r a n g i n g   f rom  a b o u t   15"  to   4 0 ° c   F o r  
P l a s m i d   s t a b i l i t y   and  m a i n t e n a n c e ,   i t   i s   d e s i r a b l e   t o  
s t a r t   w i t h   a  c u l t u r e   med ium  a t   a  pH  of   a b o u t   7 .2   a n d  
m a i n t a i n   a  c u l t u r e   t e m p e r a t u r e   o f   a b o u t   3 0 ° C .  

The  f o l l o w i n g   e x a m p l e s   f u r t h e r   i l l u s t r a t e   a n d  25  d e s c r i b e   t h e   i n v e n t i o n   d i s c l o s e d   h e r e i n .   The  i n v e n t i o n  
i s   n o t   l i m i t e d   i n   s c o p e   by  r e a s o n   o f   any   of   t h e   f o l l o w -  
i n g   E x a m p l e s ;   s o u r c e s   o f   r e a g e n t s   or   e q u i p m e n t   a r e   p r o -  v i d e d   m e r e l y   f o r   c o n v e n i e n c e   and  i n   no  way  l i m i t   t h e  
i n v e n t i o n .   B o t h   an  e x p l a n a t i o n   o f   and  t h e   a c t u a l   p r o c e -  30  d u r e s   f o r   c o n s t r u c t i n g   t h e   i n v e n t i o n   a r e   d e s c r i b e d   w h e r e  
a p p r o p r i a t e   . 
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E x a m p l e   1 

I s o l a t i o n   o f   P l a s m i d   pSVB9 

5  A.  C u l t u r e   o f   S t r e p t o m y c e s   l i v i d a n s   T K 2 3 / p S V B 9  

A b o u t   108  s p o r e s   o f   S t r e p t o m y c e s   l i v i d a n s  

T K 2 3 / p S V B 9   (NRRL  1 8 0 7 3 )   w e r e   i n o c u l a t e d   i n t o   10  ml  o f  

TSB  m e d i u m   ( T r y p t i c a s e   Soy  B r o t h * )   c o n t a i n i n g   10  p g / m l  

10  t h i o s t r e p t o n .   and  g r o w n   a t   29  °C  u n t i l   t h e   c u l t u r e   was  i n  

e a r l y   s t a t i o n a r y   p h a s e .   The  c u l t u r e   was  t h e n   h o m o g e n -  

i z e d ,   and   5  ml  o f   t h e   h o m o g e n i z e d   c u l t u r e   were   u s e d   t o  

i n o c u l a t e   100  ml  o f   TSB  a l s o   c o n t a i n i n g   t h i o s t r e p t o n .  

The  100  ml  o f   c u l t u r e   w e r e   i n c u b a t e d   a t   29°C  u n t i l   t h e  

15  S t r e p t o m y c e s   l i v i d a n s   TK23 /pSVB9  c e l l s   r e a c h e d   s t a -  

t i o n a r y   p h a s e .  

TSB  i s   made  a t   30  g / 1   and  i s   o b t a i n e d   . f r o m :  
B e t h e s d a   R e s e a r c h   L a b o r a t o r i e s   (BRL) ,   I n c . ,   8 7 1 7  

20  G r o v e m o n t   C i r c l e ,   P .O .   Box  577 ,   G a i t h e r s b u r g ,  
M a r y l a n d   2 0 7 6 0 .  

B.  P l a s m i d   I s o l a t i o n  

25  The  c e l l s   we re   c o l l e c t e d   and   w a s h e d   once   w i t h  

a  1 0 . 3 %   s u c r o s e   s o l u t i o n .   The  c e l l s   w e r e   t h e n   s u s p e n d e d  

i n   24  ml  o f   10 .3%  s u c r o s e ,   and  6  ml  o f   5X  l y s o z y m e   s o l u -  

t i o n   (125   mM  T r i s - H C l ,   pH=8;  125  mM  Na2EDTA,  p H = 8 ;  

10  m g / m l   l y s o z y m e ;   and  10 .3%  s u c r o s e )   w e r e   a d d e d .   T h e  

30  s o l u t i o n   was  m i x e d   and  t h e n   i n c u b a t e d   a t   30°C  f o r   3 0 - 6 0  

m i n u t e s ,   and   t h e n ,   a b o u t   15  ml  o f   a  s o l u t i o n   t h a t   w a s  
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0 .3   M  NaOH,  1%  SDS,  and  p r e w a r m e d   to   50°C  w e r e   a d d e d ,  
m i x e d   and  t h e   r e s u l t i n g   m i x t u r e   i n c u b a t e d   a t   8Q°C  f o r   10  
m i n u t e s .   The  m i x t u r e   was  t h e n   c o o l e d   to   room  t e m p e r   a .  
t u r e ,   and  12  ml  o f   a  s o l u t i o n   made  by  m i x i n g   500  g  

5  p h e n o l ,   500  g  CHCI3,   and  0 . 5   g  8 - h y d r o x y q u i n o l i n e   i n  
200  ml  H2O  w e r e   a d d e d   and  m i x e d   w e l l   w i t h   t h e   c e l l -  
e x t r a c t .   The  p h a s e s   w e r e   s e p a r a t e d   by  c e n t r i f u g a t i o n   a t  
6 0 0 0 - 8 0 0 0   rpm  f o r   10  m i n u t e s ;   a p p r o x i m a t e l y   45  ml  o f  
t h e   r e s u l t i n g   u p p e r   p h a s e   w e r e   t r a n s f e r r e d   to   a  c l e a n  

10  b o t t l e .  

N e x t ,   4 . 5   ml  o f   3  M  NaOAc  and  50  ml  o f   i s o -  
p r o p a n o l   w e r e   a d d e d   to   t h e   s u p e r n a t a n t ,   and   t h e   s o l u t i o n  
was  m i x e d   and   l e f t   a t   room  t e m p e r a t u r e   f o r   30  m i n u t e s .  
The  s o l u t i o n   was  t h e n   c e n t r i f u g e d   (8000   rpm  f o r   3 0  

15  m i n u t e s )   and   t h e   r e s u l t i n g   s u p e r n a t a n t   d i s c a r d e d .   T h e  
p e l l e t   was  r e s u s p e n d e d   in   7 .5   ml  TE  b u f f e r   (10  mM 
T r i s - H C l ,   pH=8,   and  1  mM  EDTA)  c o n t a i n i n g   8  g  o f   C s C l .  
A b o u t   0 . 5   ml  o f   a  10  mg/ml   s o l u t i o n   of   e t h i d i u m   b r o m i d e  
was  a d d e d   to   t h e   s o l u t i o n ,   w h i c h   was  t h e n   c e n t r i f u g e d  

20  a t   4 0 , 0 0 0   rpm  f o r   48  h o u r s   a t   2 0 ° C .   The  f r a c t i o n   c o n -  
t a i n i n g   t h e   p l a s m i d   b a n d   was  e x t r a c t e d   3-5   t i m e s   w i t h  
i s o p r o p a n o l   s a t u r a t e d   w i t h   TE  b u f f e r   and  CsCl   to   r e m o v e  
t h e   e t h i d i u m   b r o m i d e .   A f t e r   t h e   e x t r a c t i o n s ,   t h e   s a m p l e  
was  d i l u t e d   w i t h   f o u r   v o l u m e s   o f   TE  b u f f e r ,   and   t h e n ,  

25  t w o - a n d - o n e - h a l f   v o l u m e s   o f   e t h a n o l   we re   a d d e d .   T h e  
r e s u l t i n g   s o l u t i o n   was  m i x e d   and  i n c u b a t e d   o v e r n i g h t   a t  
- 2 0 ° C .  

The  p r e c i p i t a t e   r e s u l t i n g   f rom  t h e   o v e r n i g h t  
i n c u b a t i o n   a t   -20  °C  was  c o l l e c t e d   by  c e n t r i f u g a t i o n  

30  ( 1 0 , 0 0 0   rpm  f o r   30  m i n u t e s ) ,   d r i e d ,   and  r e p r e c i p i t a t e d  
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t w i c e .   The  p r e c i p i t a t i o n s   w e r e   d o n e   by  s u s p e n d i n g   t h e  

p e l l e t   i n   TE  b u f f e r ,   a d d i n g   NaOAc  to   0 . 3   M,  a d d i n g   2 . 5  

v o l u m e s   e t h a n o l ,   c h i l l i n g   a t   -70   °C  f o r   1 0 - 1 5   m i n u t e s ,  

and  t h e n   c e n t r i f u g i n g   t h e   s o l u t i o n   as  a b o v e .   The  p r o c e -  

5  d u r e   y i e l d s   a b o u t   100  pg  of   p l a s m i d   pSVB9  DNA,  w h i c h   w a s  

s u s p e n d e d   i n   TE  b u f f e r   a t   a  c o n c e n t r a t i o n   o f   1  p g / p l   a n d  

s t o r e d   a t   4 ° C .  

E x a m p l e   2  

1 0  

C o n s t r u c t i o n   o f   P l a s m i d   PSVB25  

S t r e p t o m y c e s   l i v i d a n s / p I J 7 0 2   (ATCC  3 9 1 5 5 )   w a s  

c u l t u r e d   and  p l a s m i d   p I J 7 0 2   i s o l a t e d   i n   s u b s t a n t i a l -  

15  a c c o r d a n c e   w i t h   t h e   t e a c h i n g   o f   E x a m p l e   1.  T h i o s t r e p t o n  
^  s e l e c t i o n   (10  p g / m l )   was  u s e d   to   e n s u r e   p l a s m i d   p I J 7 0 2  

m a i n t e n a n c e .   The  *100   pg  of   p l a s m i d   p I J 7 0 2   DNA  o b t a i n e d  

w e r e   s u s p e n d e d   in   1  ml  of   TE  and  s t o r e d   a t   4 ° C .  

A b o u t   500  ng  (5  p i )   o f   p l a s m i d   p I J 7 0 2   DNA  w e r e  

20  a d d e d   to   2  p i   of   l ° x   § a c l   b u f f e r   (60  mM  T r i s - H C l ,   p H = 7 . 4 ;  

60  mM  MgCl, , ;   60  mM  2 - m e r c a p t o e t h a n o l ;   and   1  mg/ml  b o v i n e  

s e r u m   a l b u m i n   ( B S A ) ) ,   12  p i   of   H2O,  and  1 . 5   pi  ( ^ 1 5  

u n i t s ;   u n i t   d e f i n i t i o n s   h e r e i n   c o r r e s p o n d   t o   t h o s e   o f  

New  E n g l a n d   B i o l a b s ,   32  T o z e r   R o a d ,   B e v e r l y ,   MA 

25  0 1 9 1 5 - 9 9 9 0 ,   u n l e s s   o t h e r w i s e   i n d i c a t e d )   o f   r e s t r i c t i o n  

e n z y m e   S a c I ,   an  i s o s c h i z o m e r   o f   r e s t r i c t i o n   enzyme  S s t l   . 

The  r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   37  °C  f o r   o n e  

h o u r ,   when  a b o u t   3  \il  o f   t h e   r e a c t i o n   m i x t u r e   w e r e   r e -  

moved   and   s u b j e c t e d   to   a g a r o s e   g e l   e l e c t r o p h o r e s i s   t o  

30  d e t e r m i n e   c o m p l e t e n e s s   of   d i g e s t i o n .   A b o u t   4  pi   of  1 0 X  
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B ^ l l   I  b u f f e r   ( 1 . 0   M  N a C l ;   100  mM  T r i s - H C l ,   p H = 7 . 4 ;   100  mM 
MgCl2;   100  mM  2 - m e r c a p t o e t h a n o l ;   and  1  mg/ml   BSA),   16  p i  
o f   H20,  and  2  p i   (^16  u n i t s )   o f   r e s t r i c t i o n   e n z y m e   B g l l l  
w e r e   a d d e d   to   t h e   s o l u t i o n   o f   S a c l - d i g e s t e d   p l a s m i d  

5  P I J 7 0 2   DNA,  and  t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t  
37°C  f o r   1  h o u r .   A b o u t   6  p i   o f   t h e   r e a c t i o n   m i x t u r e  
w e r e   r e m o v e d   to   c h e c k   c o m p l e t e n e s s   o f   d i g e s t i o n .   T h e n ,  
t h e   S a c I - B s l l I - d i g e s t e d   DNA  was  c o l l e c t e d   by  a d j u s t i n g '  
t h e   s o d i u m   a c e t a t e   (NaOAc)  c o n c e n t r a t i o n   o f   t h e   r e a c -  

10  t i o n   m i x t u r e ,   to   0 . 3 0   M,  a d d i n g   two  v o l u m e s   o f   e t h a n o l ,  
c h i l l i n g   t h e   r e a c t i o n   m i x t u r e   to   - 7 0 ° c ,   and  c e n t r i f u g i n g  
to   p e l l e t   t h e   p r e c i p i t a t e d   DNA.  The  p e l l e t   o f   B g l l l -  
S a c l - d i g e s t e d   p l a s m i d   p I J 7 0 2   DNA  was  r e s u s p e n d e d   i n  
100  p i   of   50  mM  T r i s - H C l ,   p H = 8 . 0 .   A b o u t   1  Ml  o f   a  1 : 1 0 0  

15  d i l u t i o n   c a l f - i n t e s t i n a l   a l k a l i n e   p h o s p h a t a s e  
( B o e h r i n g e r - M a n n h e i m )   i n   50  mM  T r i s - H C l ,   pH=8,  was  a d d e d  
to   t h e   s o l u t i o n   o f   DNA,  and   t h e   r e s u l t i n g   r e a c t i o n   w a s  
i n c u b a t e d   a t   37°C  f o r   30  m i n u t e s .   The  r e a c t i o n   w a s  
t e r m i n a t e d   by  i n c u b a t i n g   t h e   r e a c t i o n   m i x t u r e   a t   70  ° C  

20  f o r   one  h o u r .  

A b o u t   625  ng  o f   p l a s m i d   pSVB9  DNA  in   25  p i  
of   TE  b u f f e r   w e r e   a d d e d   to   6  pi   o f   10X  S a c I   b u f f e r ,  
26  Ml  of   H20,  and  2  Ml  (<v20  u n i t s )   o f   r e s t r i c t i o n   e n z y m e  
S a c I ,   and  t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   3 7 ° c  

25  f o r   one  h o u r .   A b o u t   3  pi   o f   1  M  NaCl  and  2  pi   of   r e -  
s t r i c t i o n   enzyme   C l a l   w e r e   t h e n   a d d e d   to   t h e   r e a c t i o n  
m i x t u r e ,   w h i c h   was  i n c u b a t e d   a t   37  °C  f o r   a n o t h e r   h o u r .  
The  C l a l   - d i g e s t i o n   l o w e r s   t h e   f r e q u e n c y   o f   u n d e s i r e d  
l i g a t i o n   p r o d u c t s   d u r i n g   t h e   l i g a t i o n   to   c o n s t r u c t  

30  p l a s m i d   pSVB25.   A b o u t   8  p i   o f   t h e   r e a c t i o n   m i x t u r e   w e r e  
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s u b j e c t e d   to   a g a r o s e   g e l   e l e c t r o p h o r e s i s   to   c h e c k   c o m -  

p l e t e n e s s   o f   t h e   d i g e s t i o n s ,   and  1  pi   o f   1  M  NaCl  a n d  

1  jjI  (^8  u n i t s )   o f   r e s t r i c t i o n   enzyme   B g l l l   w e r e   a d d e d  

t o   t h e   r e m a i n i n g   s o l u t i o n   o f   C l a l   - S a c   I  - d i g e s t e d   DNA; 

5  t h e   r e a c t i o n   m i x t u r e   was  i n c u b a t e d   f o r   a n o t h e r   h o u r   a t  

3 7 ° C .   A b o u t   8  p i   o f   t h e   r e a c t i o n   m i x t u r e   w e r e   r e m o v e d  

t o   c h e c k   t h e   c o m p l e t e n e s s   o f   t h e   B g l l l   d i g e s t i o n .  

A b o u t   77  pi   of   t h e   Bgl  I  I  - S a c   I  - d i g e s t e d ,  

a l k a l i n e   p h o s p h a t a s e - t r e a t e d   p l a s m i d   p I J 7 0 2   DNA  w e r e  

10  a d d e d   to   32  pi   o f   t h e   B a l l l - S a c I - C l a l - d i g e s t e d   p l a s m i d  

pSVB9  DNA,  11  p i   o f   3  M  s o d i u m   a c e t a t e   (NaOAc) ,   a n d  

300  p i   of   a b s o l u t e   e t h a n o l .   The  s o l u t i o n   was  m i x e d ,  

c h i l l e d   a t   - 7 0 ° C   f o r   30  m i n u t e s ,   and  t h e n   c e n t r i f u g e d  

to   p e l l e t   t h e   DNA.  The  DNA  was  r e s u s p e n d e d   i n   12  pi   o f  

15  IX  l i g a s e   b u f f e r   (50  mM  T r i s - H C l ,   p H = 7 . 8 ;   10  mM  M g C l 2 ;  

20  mM  d i t h i o t h r e i t o l   (DTT) ;   1 . 0   mM  ATP;  and  50  p g / m l  

BSA) .   A b o u t   1  p i   (~1  u n i t ,   B o e h r i n g e r - M a n n h e i m )   o f   T 4  

DNA  l i g a s e   was  a d d e d   to   t h e   s o l u t i o n   o f   DNA,  and   t h e  

r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   15°C  o v e r n i g h t   ( ~ 1 6  

20  h o u r s ) .   The  l i g a t e d   DNA  c o n s t i t u t e d   t h e   d e s i r e d   p l a s m i d  

pSVB25  DNA.  A  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f  

p l a s m i d   pSVB25  i s   p r e s e n t e d   in   F i g u r e   3  of   t h e   a c c o m p a n y -  

i n g   d r a w i n g s .   The  l i g a t e d   DNA  was  u s e d   to   t r a n s f o r m  

S t r e p t o m y c e s   l i v i d a n s   TK23  as  d e s c r i b e d   in   E x a m p l e   6 ,  

25  b e l o w .   S.  l i v i d a n s   T K 2 3 / p I J 7 0 2   t r a n s f o r m a n t s   w e r e   d i s -  

t i n g u i s h e d   f rom  S_.  l i v i d a n s   TK23 /pSVB25   t r a n s f o r m a n t s  

by  t h e   c o l o r   o f   t h e   c o l o n i e s   on  t h e   t r a n s f o r m a t i o n  

p l a t e s .   P l a s m i d   p I J 7 0 2   c a r r i e s   an  i n t a c t   t y r o s i n a s e  

g e n e ;   t h u s   S.  l i v i d a n s   T K 2 3 / p I J 7 0 2   t r a n s f o r m a n t s   a r e  

30  b l a c k   on  t y r o s i n e - c o n t a i n i n g   p l a t e s .   The  t y r o s i n a s e  
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g e n e   i s   i n a c t i v a t e d   d u r i n g   t h e   c o n s t r u c t i o n   o f   p l a s m i d  
PSVB25;   c o n s e q u e n t l y ,   s.  l i v i d a n s   TK23/PSVB25  t r a n s -  
f o r m a n t s   a r e   n o t   b l a c k   on  t y r o s i n e - c o n t a i n i n g   p l a t e s .  

5  E x a m p l e   3 

C o n s t r u c t i o n   of   P l a s m i d s   pSFH62r   PSFH63,   and  p g g r r m  

P l a s m i d   DNA  was  o b t a i n e d   f rom  E.  c o l i   K12  
10  H B 1 0 1 / p H J L 3 1 5   to   u se   i n   t h e   c o n s t r u c t i o n   of   p l a s m i d s  

P S F H 6 2 ,   pSFH63 ,   and   pSKC13  i n   a c c o r d a n c e   w i t h   t h e   f o l -  
l o w i n g   p r o c e d u r e ,   w h i c h   i s   a d a p t e d   f rom  M a n i a t i s   e t   a l .   , 1 9 8 2 ,   M o l e c u l a r   C l o n i n g   ( C o l d   S p r i n g   H a r b o r   L a b o r a t o r y ) !  

.  
T h i s   same  p r o c e d u r e   was  u s e d ,   b u t   on  a  s m a l l e r   s c a l e   a n d  

15  w i t h   t h e   u l t r a c e n t r i f u g a t i o n   s t e p s   r e p l a c e d   w i t h   p h e n o l  
f o l l o w e d   by  c h l o r o f o r m   e x t r a c t i o n s ,   to   p r e p a r e   t h e  
p l a s m i d   DNA  u s e d   to   i d e n t i f y   t h e   v a r i o u s   E.  c o l i  
t r a n s   f o r m a n t s   o f   t h e   p r e s e n t   i n v e n t i o n .  

A b o u t   500  ml  o f   s t a t i o n a r y - p h a s e   E.  c o l i   K12 
20  J M 1 0 9 / P H J L 3 1 5   c e l l s   a r e   h a r v e s t e d   by  c e n t r i f u g a t i o n   a t  

4 0 0 0 X g   f o r   10  m i n u t e s   a t   4°C,   and  t h e   s u p e r n a t a n t   i s  
d i s c a r d e d .   The  c e l l   p e l l e t   i s   w a s h e d   i n   100  ml  o f  
i c e - c o l d   STE  b u f f e r   ( 0 . 1   M  N a C l ;   10  mM  T r i s - H C l ,   pH  7 . 8 ;  
and  1  mM  EDTA)  .  A f t e r   t h e   c e l l   p e l l e t   i s   w a s h e d ,   t h e  

25  p e l l e t   i s   r e s u s p e n d e d   in   10  ml  o f   S o l u t i o n   1  (50  mM 
g l u c o s e ;   25  mM  T r i s - H C l ,   p H = 8 . 0 ;   and  10  mM-  EDTA)  t h a t  
c o n t a i n s   5  mg/ml   l y s o z y m e   and  i s   l e f t   a t   room  t e m p e r a -  
t u r e   f o r   10  m i n u t e s .   T w e n t y   ml  o f   S o l u t i o n s   ( 0 . 2   N 
NaOH  and.  1%  SDS)  a r e   t h e n   a d d e d   to   t h e   l y s o z y m e - t r e a t e d  

30  c e l l s ,   and  t h e   s o l u t i o n   i s   g e n t l y   m i x e d   by  i n v e r s i o n .  
The  m i x t u r e   i s   i n c u b a t e d   on  i c e   f o r   10  m i n u t e s .  
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F i f t e e n   ml  of   i c e - c o l d ,   5  M  p o t a s s i u m   a c e t a t e ,  

p H = 4 . 8 ,   a r e   a d d e d   to   t h e   l y s e d - c e l l   m i x t u r e ,   and  t h e  

s o l u t i o n   i s   m i x e d   by  i n v e r s i o n .   The  s o l u t i o n   i s   i n c u -  

b a t e d   on  i c e   f o r   10  m i n u t e s .   The  5  M  p o t a s s i u m   a c e t a t e  

5  s o l u t i o n   i s   p r e p a r e d   by  a d d i n g   1 1 . 5   ml  o f   g l a c i a l   a c e t i c  

a c i d   to   2 8 . 5   ml  o f   w a t e r   and  60  ml  of   5  M  p o t a s s i u m  

a c e t a t e ;   t h e   r e s u l t i n g   s o l u t i o n   i s   3  M  w i t h   r e s p e c t   t o  

p o t a s s i u m   and  5  M  w i t h   r e s p e c t   to   a c e t a t e .  

The  l y s e d   c e l l   m i x t u r e   i s   c e n t r i f u g e d   in   a  

10  B e c k m a n   SW27  r o t o r   ( o r   i t s   e q u i v a l e n t )   a t   2 0 , 0 0 0   rpm  f o r  

20  m i n u t e s   a t   4 °C .   The  c e l l   DNA  and   d e b r i s   f o rms   a  

p e l l e t   on  t h e   b o t t o m   of   t h e   t u b e .   A b o u t   36  ml  o f  

s u p e r n a t a n t   a r e   r e c o v e r e d ,   and  0 . 6   v o l u m e s   of   i s o p r o -  

p a n o l   a r e   a d d e d ,   . m i x e d ,   and  t h e   r e s u l t i n g   s o l u t i o n   l e f t  

15  a t   room  t e m p e r a t u r e   f o r   15  m i n u t e s .   The  p l a s m i d   DNA  i s  

c o l l e c t e d   by  c e n t r i f u g a t i o n   a t   1 2 , 0 0 0 X g   f o r   30  m i n u t e s  

a t   room  t e m p e r a t u r e .   The  s u p e r n a t a n t   i s   d i s c a r d e d ,   a n d  

t h e   DNA  p e l l e t   i s   w a s h e d   w i t h   70%  e t h a n o l   a t   r o o m ,  

t e m p e r a t u r e .   The  e t h a n o l   wash   i s   d e c a n t e d ,   and  t h e  

20  p e l l e t   i s   d r i e d   i n   a  v a c u u m   d e s i c c a t o r .   The  p e l l e t   i s  

t h e n   r e s u s p e n d e d   i n   8  ml  o f   TE  b u f f e r .  

E i g h t   g r a m s   of   CsCl   a r e   a d d e d   to   t h e   DNA  s o l u -  

t i o n .   A b o u t   0 . 8   ml  of   a  10  mg/ml   s o l u t i o n   of   e t h i d i u m  

b r o m i d e   i n   w a t e r   a r e   a d d e d   f o r   e a c h   10  ml  of   C s C l - D N A  

25  s o l u t i o n .   The  f i n a l   d e n s i t y   of   t h e   s o l u t i o n   i s   a b o u t  

1 . 5 5   g / m l ,   and  t h e   e t h i d i u m   b r o m i d e   c o n c e n t r a t i o n   i s  

a b o u t   600  p g / m l .   The  s o l u t i o n   i s   t r a n s f e r r e d   to   a  

B e c k m a n   Type  50  c e n t r i f u g e   t u b e ,   f i l l e d   to   t h e   t o p   w i t h  

p a r a f f i n   o i l ,   s e a l e d ,   and  c e n t r i f u g e d   a t   4 5 , 0 0 0   rpm  f o r  

30  24  h o u r s   a t   2 0 ° C .   A f t e r   c e n t r i f u g a t i o n ,   two  b a n d s   o f  
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DNA  a r e   v i s i b l e   in   o r d i n a r y   l i g h t .   The  cap   i s   r e m o v e d  
f rom  t h e   t u b e ,   and  t h e   l o w e r   DNA  b a n d   i s   r e c o v e r e d   u s i n g  
a  s y r i n g e   w i t h   a  #21  h y p o d e r m i c   n e e d l e   i n s e r t e d   t h r o u g h  
t h e   s i d e   o f   t h e   c e n t r i f u g e   t u b e .  

5  The  e t h i d i u m   b r o m i d e   i s   r e m o v e d   f rom  t h e   s o l u -  
t i o n   o f   p l a s m i d   DNA  by  s e v e r a l   e x t r a c t i o n s   w i t h   w a t e r -  
s a t u r a t e d   1 - b u t a n o l ,   and  t h e   CsCl   i s   r e m o v e d   by  d i a l y s i s  
a g a i n s t   TE  b u f f e r .   A f t e r   e x t r a c t i o n s   w i t h   b u f f e r e d  
p h e n o l   and  t h e n   c h l o r o f o r m ,   t h e   DNA  i s   p r e c i p i t a t e d ,  

10  w a s h e d   w i t h   70%  e t h a n o l ,   and  d r i e d .   A b o u t   1  mg  o f  
p l a s m i d   pHJL315   DNA  was  o b t a i n e d   and   d i s s o l v e d   i n   10  m l  
o f   TE  b u f f e r .  

A b o u t   5  jjg  o f   p l a s m i d   p H J L 3 1 5   i n   5  | jl   o f   TE 
b u f f e r   w e r e   a d d e d   to   2  pi   o f   10X  B ^ l l l   b u f f e r   ( 1 . 0   M 

15  N a C l ;   100  mM  T r i s - H C l ,   p H = 7 . 4 ;   i 00   mM  MgCl2;   100  mM 
2 - m e r c a p t o e t h a n o l ;   and  1  mg/ml   BSA),   12  p i   o f   H2O  and  " 

1  Ml  (^10   u n i t s )   o f   r e s t r i c t i o n   e n z y m e   B g l l l . .   T h e  
r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   37°C  f o r   2  h o u r s .  

The  B g l l l - d i g e s t e d   p l a s m i d   p H J L 3 1 5   DNA  w a s  
20  t h e n   e l e c t r o p h o r e s e d   on  a  1%  a g a r o s e   g e l   u n t i l   t h e   d e -  

s i r e d   -v.5.0  kb  B g l H   r e s t r i c t i o n   f r a g m e n t   was  c l e a r l y  
s e p a r a t e d   f rom  t h e   o t h e r   d i g e s t i o n   p r o d u c t s   .  V i s u a l i z a -  
t i o n   o f   t h e   e l e c t r o p h o r e s e d   DNA  was  a c c o m p l i s h e d   b y  
s t a i n i n g   t h e   g e l   i n   a  d i l u t e   s o l u t i o n   ( 0 . 5   Mg/ml )   o f  

25  e t h i d i u m   b r o m i d e   and  e x p o s i n g   t h e   s t a i n e d   g e l   to   l o n g -  
wave  UV  l i g h t .   A f t e r   t h e   d e s i r e d   f r a g m e n t   was  l o c a t e d ,  
a  s m a l l   s l i t   was  made  in   t h e   g e l   i n   f r o n t   o f   t h e   f r a g -  
m e n t ,   and  a  s m a l l   p i e c e   o f   S c h l e i c h e r   and  S c h u e l l   ( K e e n e ,  
NH  0 3 4 3 1 )   NA-45  DEAE  m e m b r a n e   was  p l a c e d   in   t h e   s l i t .  

30  Upon  f u r t h e r   e l e c t r o p h o r e s i s ,   t h e   ^ 5 . 0   kb  B g l l l   r e s t r i c -  
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t i o n   f r a g m e n t   was  n o n - c o v a l e n t i y   b o u n d   to   t h e   DEAE  mem-  

b r a n e .   A f t e r   t h e   d e s i r e d   f r a g m e n t   was  b o u n d   to   t h e   DEAE. 

'  m e m b r a n e ,   t h e   m e m b r a n e   was  r e m o v e d   and   r i n s e d   w i t h   l o w  

s a l t   b u f f e r   (100   mM  KC1;  0 . 1   mM  EDTA;  and  20  mM  T r i s - H C l ,  

5  p H = 8 ) .   N e x t ,   t h e   m e m b r a n e   was  p l a c e d   i n   a  s m a l l   ' t u b e  

a n d   i m m e r s e d   i n   h i g h   s a l t   b u f f e r   (1  M  NaCl ;   0 . 1   mM  EDTA; 

a n d   20  mM  T r i s - H C l ,   pH=8)  and   t h e n   i n c u b a t e d   a t   65°C  f o r  

o n e   h o u r   to   r e m o v e   t h e   DNA  f r o m   t h e   DEAE  p a p e r .   A f t e r  

t h e   65°C  i n c u b a t i o n ,   t h e   i n c u b a t i o n   b u f f e r   was  c o l l e c t e d  

10  a n d   t h e   m e m b r a n e   r i n s e d   w i t h   h i g h   s a l t   b u f f e r .   T h e  

r i n s e   s o l u t i o n   was  p o o l e d   w i t h   t h e   i n c u b a t i o n   b u f f e r  

b e f o r e   c o l l e c t i n g   t h e   d e s i r e d   DNA  f r a g m e n t s .  

The  - v o l u m e   of   t h e   h i g h   s a l t - D N A   s o l u t i o n   w a s  

. a d j u s t e d   so  t h a t   t h e   NaCl  c o n c e n t r a t i o n   -was  0 . 2 5   M,  a n d  

15  t h e n   t h r e e   v o l u m e s   of   c o l d ,   a b s o l u t e   e t h a n o l   w e r e   a d d e d .  

The   r e s u l t i n g   s o l u t i o n   was  m i x e d   and   p l a c e d   a t   -70   °C  f o r  

1 0 - 2 0   m i n u t e s .   The  s o l u t i o n   was  c h i l l e d   and  c e n t r i f u g e d  

a t   1 5 , 0 0 0   rpm  f o r   15  m i n u t e s .   A f t e r   a n o t h e r   p r e c i p i t a -  

t i o n   t o   r e m o v e   r e s i d u a l   s a l t ,   t h e   DNA  p e l l e t   was  r i n s e d  

20  w i t h   e t h a n o l ,   d r i e d ,   r e s u s p e n d e d   i n   20  mI  of   TE  b u f f e r ,  

a n d   c o n s t i t u t e d   * 1 . 0   pg  o f   t h e   d e s i r e d   ~ 5 . 0   kb  B ^ l I I  

r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p H J L 3 1 5 .   The  p u r i f i e d  

f r a g m e n t   was  d i s s o l v e d   i n   2  p i   o f   TE  b u f f e r   and  s t o r e d  

a t   - 2 0 ° C .  

25  P l a s m i d   p H J L 4 0 1   i s   a  S t r e p t o m y c e s   c l o n i n g  

v e c t o r   d i s c l o s e d   and  c l a i m e d   i n   U . S .   P a t e n t   A p p l i c a t i o n  

S . N .   8 4 1 , 9 2 0 ,   a t t o r n e y   d o c k e t   No.  X - 6 7 8 6 A ,   f i l e d   M a r c h   2 0 ,  

1 9 8 6 ,   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   The  c o n s t r u c -  

t i o n   p r o t o c o l   f o r   p l a s m i d   p H J L 4 0 1   i s   d e s c r i b e d   i n   E x a m -  

30  p i e   14  o f   S . JL   8 4 1 , 9 2 0 .   A b o u t   1  |jg  o f   p l a s m i d   p H J L 4 0 1  
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DNA  in   one  Ml  o f   TE  b u f f e r   was  a d d e d   to   1  p i   o f   1 0 X  
BamHI  b u f f e r   ( 1 . 5   M  N a d ;   60  mM  T r i s - H C l ,   p H = 7 . 9 ;   60  mM 
MgCl2;   and  1  mg /ml   BSA),   1  Ml  ( * i 0   u n i t s )   o f   r e s t r i c t i o n  
e n z y m e   BamHI,   and  7  Ml  of   H20.  The  r e s u l t i n g   r e a c t i o n  

5  was  i n c u b a t e d   a t   37°C  f o r   a b o u t   2  h o u r s .   T h e n ,   100  Ml 
of   50  mM  T r i s - H C l ,   pH=8  w e r e   a d d e d   to   t h e   s o l u t i o n   o f  
BamHI  - d i g e s t e d   p l a s m i d   p H J L 4 0 1   DNA  t o g e t h e r   w i t h   1  Ml  o f  
a  1 : 1 0 0   d i l u t i o n   o f   c a l f -   i n t e s t i n a l   a l k a l i n e   p h o s p h a t a s e  
( B o e h r i n g e r - M a n n h e i m   B i o c h e m i c a l s   ,  7941  C a s t l e w a y   D r . ,  

10  P .O .   Box  5 0 8 1 6 ,   I n d i a n a p o l i s ,   IN  4 6 2 5 0 ) ,   and  t h e   r e a c -  
t i o n   m i x t u r e   was  a g a i n   p l a c e d   a t   3 7 ° c   f o r   30  m i n u t e s .  

A b o u t   34  ul   o f   t h e   BamHI  - d i g e s t e d ,   p h o s p h a t a s e -  
t r e a t e d   p l a s m i d   p H J L 4 0 1   DNA  w e r e   a d d e d   to   1  Ml  o f   t h e  
s o l u t i o n   o f   t h e   ^ 5 . 0   kb  B g l l l   r e s t r i c t i o n   f r a g m e n t   o f  

15  p l a s m i d   p H J L 3 1 5 .   The  m i x t u r e   o f   DNA  was  p r e c i p i t a t e d  
w i t h   NaCl  and  e t h a n o l   as  d e s c r i b e d   a b o v e ,   and  t h e   p e l l e t   

' 

was  r e s u s p e n d e d   i n   10  Ml  o f   IX  l i g a s e   b u f f e r   (50  mM 
T r i s - H C l ,   P H = 7 . 8 ;   10  mM  MgCl2;   5  mM  d i t h i o t h r e i t o l   ;  5% 
g l y c e r o l ;   and  0 . 1 5   mM  ATP)  c o n t a i n i n g   6  u n i t s   o f   T4  DNA 

20  l i g a s e   ( B o e h r i n g e r - M a n n h e i m ) .   The  l i g a t i o n   r e a c t i o n   w a s  
i n c u b a t e d   a t   4°C  o v e r n i g h t   <*16  h o u r s )   and  c o n s t i t u t e d  
t h e   d e s i r e d   p l a s m i d s   pSFH62  and  pSFH63 .   A  r e s t r i c t i o n  
s i t e   and  f u n c t i o n   map.  o f   p l a s m i d   pSFH62  i s   p r e s e n t e d   i n  
F i g u r e   4  o f   t h e   a c c o m p a n y i n g   d r a w i n g s ,   and  p l a s m i d  

25  pSFH63  d i f f e r s   f rom  p l a s m i d   pSFH62  o n l y   w i t h   r e s p e c t   t o  
t h e   o r i e n t a t i o n   o f   t h e   ^ 5 . 0   kb  B a l l   I  r e s t r i c t i o n   f r a g -  
m e n t .   The  l i g a t e d   DNA  was  u s e d   to   t r a n s f o r m   E.  c o l i  
K12  JM109  i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e  
d e s c r i b e d   b e l o w .  

2 5  
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To  p r e p a r e   E.  c o l i   K12  JM109  c e l l s   t h a t   a r e  

c o m p e t e n t   f o r   t r a n s f o r m a t i o n ,   t h e   l y o p h i l s   o f   E.  c o l i  

K12  JM109  o b t a i n e d   f r o m   t h e   ATCC  u n d e r   t h e   a c c e s s i o n  

n u m b e r   ATCC  53323  a r e   r e c o n s t i t u t e d   to   i s o l a t e   s i n g l e  

5  c o l o n i e s   .  One  s i n g l e - c o l o n y   i s o l a t e   o f   JM109  i s   i n o c u -  

l a t e d   i n t o   5  ml  of   L  b r o t h   (10  g  of   B a c t o - t r y p t o n e   ,  10  g  

of   N a C l ,   and  5  g  o f   B a c t o - Y e a s t   E x t r a c t   p e r   l i t e r )   t h a t  

c o n t a i n s   10  mM  MgSO4  and  10  mM  MgCl2  ,  and   t h e   c u l t u r e  

i s   i n c u b a t e d   a t   37  °C  o v e r n i g h t   w i t h   a e r a t i o n .   F i f t y   p i  

10  of   t h e   o v e r n i g h t   c u l t u r e   w e r e   u s e d   to   i n o c u l a t e   5  ml  o f  

L  b r o t h   t h a t   c o n t a i n e d   10  mM  MgS04  and   10  mM  MgCl2  .  T h e  

c u l t u r e   was  i n c u b a t e d   a t   37  °C  o v e r n i g h t   w i t h   a e r a t i o n .  

The  f o l l o w i n g   m o r n i n g ,   t h e   c u l t u r e   was  d i l u t e d   to   200  m l  

w i t h   L  b r o t h   t h a t   c o n t a i n e d   10  mM  MgS04  and   10  mM  MgCl2  . 

15  The  d i l u t e d   c u l t u r e   was  i n c u b a t e d   a t   37  °C  w i t h   a e r a t i o n  

u n t i l   t h e   a b s o r b a n c e   a t   550  nm  (A550)   was  a b o u t   0 . 5 ,  

w h i c h   i n d i c a t e d   a  c e l l   d e n s i t y .   of   a b o u t   1  x  10s  c e l l s / m l .  

The  c u l t u r e   was.  c o o l e d   f o r   t e n   m i n u t e s   i n   an  i c e - w a t e r  

b a t h ,   and  t h e   c e l l s   w e r e   t h e n   c o l l e c t e d   by  c e n t r i f u g a -  

20  t i o n   a t   4000Xg   f o r   10  m i n u t e s   a t   4°C.   The  c e l l   p e l l e t  

was  r e s u s p e n d e d   in   100  ml  o f   c o l d   10  mM  NaCl   and  t h e n  

i m m e d i a t e l y   r e p e l l e t e d   by  c e n t r i f u g a t i o n .   The  c e l l  

p e l l e t   was  r e s u s p e n d e d   i n   100  ml  of   30  mM  CaCl2  a n d  

i n c u b a t e d   on  i c e   f o r   20  m i n u t e s .  

25  The  c e l l s   w e r e   a g a i n   c o l l e c t e d   by  c e n t r i f u g a -  

t i o n   a n d   r e s u s p e n d e d   i n   10  ml  o f   30  mM  CaCl2   -  A  o n e -  

h a l f   ml  a l i q u o t   o f   t h e   c e l l s   was  a d d e d   t o   t h e   l i g a t e d  

DNA  p r e p a r e d   a b o v e ;   t h e   DNA  had   b e e n   made  30  mM  i n  

CaCl2  .  The  c e l l - D N A   m i x t u r e   was  i n c u b a t e d   on  i c e   f o r  

30  one  h o u r ,   h e a t - s h o c k e d   a t   42  °C  f o r   90  s e c o n d s ,   a n d  



X - 6 7 2 8   . s o .   0 2 6 1 6 1 0  

t h e n   c h i l l e d   on  i c e   f o r   a b o u t   two  m i n u t e s .   The  c e l l - D N A  
m i x t u r e   was  d i l u t e d   i n t o   10  ml  o f   L  b r o t h   in   a  125  m l  
f l a s k   and  i n c u b a t e d   a t   37°C  f o r   one   h o u r .  

The  BamHI  s i t e   on  p l a s m i d   pHJL401   r e s i d e s  
5  w i t h i n   a  p o l y l i n k e r   t h a t   i t s e l f   f o r m s   p a r t   o f   t h e   DNA 

s e q u e n c e   e n c o d i n g   t h e   l a c Z   a - f r a g m e n t .   E x p r e s s i o n   o f  
t h e   l a c Z   a - f r a g m e n t   in   an  E.  c o l i   AM15,  or  s i m i l a r   t y p e ,  
m u t a n t ,   s u c h   as  JM109,   r e s t o r e s   t h e   m u t a n t ' s   a b i l i t y   t o  
p r o d u c e   a  f u n c t i o n a l   p - g a l a c t o s i d a s e   e n z y m e .   T h u s ,  

10  p l a s m i d   p H J L 4 0 1   can   r e s t o r e   p - g a l a c t o s i d a s e   a c t i v i t y  
to   an  E.  c o l i   AM15  m u t a n t .   H o w e v e r ,   i n s e r t i o n   o f   DNA 
i n t o   a  r e s t r i c t i o n   s i t e   o f   t h e   p o l y l i n k e r   on  p l a s m i d  
P H J L 4 0 1 ,   as  o c c u r s   in   t h e   c o n s t r u c t i o n   of   p l a s m i d   p S F H 6 2 ,  
d i s r u p t s   t h e   l a c Z   a - f r a g m e n t   c o d i n g   s e q u e n c e   and  c o n -  

15  c o m i t a n t l y   d e s t r o y s   t h e   a b i l i t y   o f   t h e   pHJL401   d e r i v a -  
t i v e   to   c o m p l e m e n t   a  A M 1 5 - t y p e   m u t a t i o n . '   p - g a l a c t o s i d a s e  
can   h y d r o l y z e   X - G a l ,   w h i c h   i s   5 - b r o m o - 4 - c h l o r o - 3 - i n d o l y l -  
p - D - g a l a c t o p y r a n o s i d e ,   a  c o l o r l e s s   c o m p o u n d ,   to   a n  
i n d i g o - c o l o r e d   p r o d u c t   and  t h u s   a l l o w s   f o r   a  c o n v e n i e n t  

20  s c r e e n i n g   m e t h o d   f o r   d i s c r i m i n a t i n g   b e t w e e n   t r a n s   f o r m a n t s  
c o n t a i n i n g   s t a r t i n g   p l a s m i d   p H J L 4 0 1   or   m o d i f i e d   p l a s m i d ,  
s u c h   as  pSKC13,   pSFH62,   and  pSFH63  .  Thus, '   a l i q u o t s   o f  
t h e   t r a n s f o r m a t i o n   m i x t u r e   w e r e   p l a t e d   on  L - a g a r   ( L - b r o t h  
w i t h   15  g r a m s   p e r   l i t e r   a g a r )   p l a t e s   c o n t a i n i n g   100  p g  

25  a m p i c i l l i n / m l ,   40  (jg  X - g a l / m l ,   and  40  jjg  I P T G / m l .   I P T G  
s e r v e s   to   i n d u c e   t h e   l a c   p r o m o t e r   p r e s e n t   on  p l a s m i d  
P H J L 4 0 1 .   The  p l a t e s   we re   i n c u b a t e d   a t   37°C  o v e r n i g h t .  
C o l o n i e s   t h a t   c o n t a i n   a  p l a s m i d   w i t h   an  i n s e r t ,   s u c h   a s  
E.  c o l i   K12  J M 1 0 9 / p S F H 6 2 ,   a r e   w h i t e .   S e v e r a l   a m p i c i l l i n -  

30  r e s i s t a n t ,   w h i t e   c o l o n i e s   w e r e   s e l e c t e d   and  t h e n   s c r e e n e d  
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by  r e s t r i c t i o n   a n a l y s i s   o f   t h e i r   p l a s m i d   DNA  f o r   t h e  

p r e s e n c e   o f   t h e   ~ 5 . 0   kb  B g l l l   r e s t r i c t i o n   f r a g m e n t  

c o n t a i n i n g   t l r B .   In  t h i s   m a n n e r ,   t h e   d e s i r e d   E.  c o l i  

K12  J M 1 0 9 / p S F H 6 2   and  E.  c o l i   K12  J M 1 0 9 / p S F H 6 3   t r a n s -  

5  f o r m a n t s   w e r e   ' i d e n t i f i e d   and   i s o l a t e d .  

P l a s m i d   pSKC13  was  c o n s t r u c t e d   by  a  p r o c e d u r e  

s i m i l a r   t o   t h a t   u s e d   f o r   p l a s m i d s   pSFH62  and  p S F H 6 3 .  

H o w e v e r ,   i n   t h e   c o n s t r u c t i o n   of   p l a s m i d   pSKC13y  t h e  

B g l l l   d i g e s t i o n   to   i s o l a t e   t h e   "*5.0  kb  t y   IB-  c o n t a i n i n g  

10  r e s t r i c t i o n   f r a g m e n t   d i d   n o t   go  to   c o m p l e t i o n .   I n s t e a d ,  

t h e   ^ 0 . 2   kb  B g l l l   r e s t r i c t i o n   f r a g m e n t   a d j a c e n t   t o   t h e  

~ 5 . 0   kb  B g l l l   r e s t r i c t i o n   f r a g m e n t   on  p l a s m i d   p H J L 3 1 5  

was  i n s e r t e d   a l o n g   w i t h   t h e   ~ 5 . 0   kb  f r a g m e n t   i n t o   B a m H I -  

d i g e s t e d   p l a s m i d   pHJL401   to   y i e l d   p l a s m i d   pSKC13.   T h e  

15  l i g a t e d   DNA  was  u s e d   to   t r a n s f o r m   E.  c o l i   K12  JM109  i n  

s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   d e s c r i b e d  

a b o v e ,   and   t h e   E.  c o l i   K12  J M 1 0 9 / p S K C 1 3   t r a n s f o r m a n t s  

w e r e   i d e n t i f i e d   by  t h e i r   a m p i c i l l i n - r e s i s t a n t   p h e n o t y p e  

and  by  r e s t r i c t i o n   enzyme  a n a l y s i s   o f   t h e i r   p l a s m i d   DNA. 

20  A  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f   p l a s m i d   pSKC13  

i s   p r e s e n t e d   i n   F i g u r e   5  of   t h e   a c c o m p a n y i n g   d r a w i n g s .  

E x a m p l e   4  

25  C o n s t r u c t i o n   o f   P l a s m i d s   PSFH60,   p S F H 6 0 . 1 ,   and  P S F H 6 1  

A.  C o n s t r u c t i o n   of   P l a s m i d s   pSFH60  and  p S F H 6 0 . 1  

A b o u t   1  \xg  o£  p l a s m i d   pUC19  (ATCC  3 7 2 5 4 )   i n  

30  1  Ml  o f   TE  b u f f e r   was  a d d e d   to   2  p i   o f   10X  Kp_nl  b u f f e r  

(60  mM  N a C l ;   60  mM  T r i s - H C l ,   p H = 7 . 5 ;   60  mM  MgCl2;   10  mM 
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DTT;  and   1  mg /ml   BSA),  1  Ml  (<viO  u n i t s )   o f   r e s t r i c t i o n  
e n z y m e   Kpj i i ,   and  16  Ml  o f   H20.  The  r e a c t i o n   was  i n c u -  
b a t e d   a t   37°C  f o r   2  h o u r s   and  t e r m i n a t e d   by  i n c u b a t i o n  
of   t h e   r e a c t i o n   m i x t u r e   a t   70  °C  f o r   10  m i n u t e s .  

5  A b o u t   5  pg  o f   p l a s m i d   pSKC13  in   5  pi   o f   TE 
b u f f e r   w e r e   a d d e d   to   2  pi   o f   10X  Kpjil  b u f f e r ,   1  pi   (^ ,10  
u n i t s )   o f   r e s t r i c t i o n   e n z y m e   Kpj i l ,   and  12  pi   o f   H2O,  a n d  
t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   3 7 ° c   f o r '   a b o u t   2 
h o u r s .   The  r e a c t i o n   was  t e r m i n a t e d   by  i n c u b a t i n g   t h e  

10  r e a c t i o n   m i x t u r e   a t   7 0 ° c   f o r   10  m i n u t e s .   The  r e a c t i o n  
m i x t u r e   was  t h e n   l o a d e d   o n t o   a  1%  a g a r o s e   g e l   and  s u b -  
j e c t e d   to   e l e c t r o p h o r e s i s   u n t i l   t h e   -v-3.8  kb  t l r B - c o n t a i n -  
i n g   r e s t r i c t i o n   f r a g m e n t   was  w e l l   s e p a r a t e d   f rom  t h e  
o t h e r   d i g e s t i o n   p r o d u c t s .   A b o u t   1  pg  o f   t h e   ^ 3 . 8 J c b ,  

15  t l r B - c o n t a i n i n g   Kp_nl  r e s t r i c t i o n   f r a g m e n t   was  i s o l a t e d  
f rom  t h e   g e l   and  p u r i f i e d   i n .   s u b s t a n t i a l   a c c o r d a n c e   w i t h  
t h e   p r o c e d u r e   o f   E x a m p l e   3 .  

A b o u t   0 .5   |jg  o f   t h e   ^ 3 . 8   kb,   t l r B - c o n t a i n i n g  
Kp_nl  r e s t r i c t i o n   f r a g m e n t   and  -v.0.1  jjg  o f   t h e   Kpnl  - d i g e s t e d  

20  p l a s m i d   pUC19  DNA  w e r e   m i x e d   t o g e t h e r ,   p r e c i p i t a t e d   w i t h  
e t h a n o l   and  NaCl ,   and  r e s u s p e n d e d   i n   10  pi   of   IX  l i g a s e  
b u f f e r   c o n t a i n i n g   <v-6  u n i t s   o f   T4  DNA  l i g a s e   ( B o e h r i n g e r -  
M a n n h e i m ) .   The  l i g a t i o n   r e a c t i o n   was  i n c u b a t e d   a t   4 ° C  
o v e r n i g h t   ( ^16   h o u r s ) ;   t h e   l i g a t e d   DNA  c o n s t i t u t e d   t h e  

25  d e s i r e d   p l a s m i d s   pSFH60  and   p S F H 6 0 . 1 ,   w h i c h   d i f f e r   f r o m  
one  a n o t h e r   o n l y   w i t h   r e s p e c t   to   t h e   o r i e n t a t i o n   o f   t h e  
^ 3 . 8   kb  Kp_nl  r e s t r i c t i o n   f r a g m e n t .   A  r e s t r i c t i o n   s i t e  
and  f u n c t i o n   map  o f   p l a s m i d   pSFH60  i s   p r e s e n t e d   i n  
F i g u r e   6  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .  
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The  l i g a t e d   DNA  was  u s e d   to   t r a n s f o r m   E.  c o l i  

K12  JM109  i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e  

of   E x a m p l e   3.  P l a s m i d   pUC19,  l i k e   p l a s m i d   p H J L 4 0 1 ,  

e n c o d e s   t h e   l a c Z   a  - f r a g m e n t ,   and   t h e   s i n g l e   Kpnl  s i t e  

5  on  p l a s m i d   pUC19  i s   l o c a t e d   w i t h i n   t h e   l a c Z   a - f r a g m e n t -  

e n c o d i n g   DNA.  C o n s e q u e n t l y ,   t h e   t r a n s f o r m e d   c e l l s   w e r e  

p l a t e d   on  L  a g a r   c o n t a i n i n g   a m p i c i l l i n ,   X - G a l ,   and  I P T G .  

The  p l a s m i d   DNA  o f   t h e   c o l o r l e s s   ( " w h i t e " ) ,   a m p i c i l l i n -  

r e s i s t a n t   t r a n s f o r m a n t s   was  s u b j e c t e d   t o   r e s t r i c t i o n  

10  e n z y m e   a n a l y s i s   to   i d e n t i f y   t h e   d e s i r e d   E.  c o l i   K12  

J M 1 0 9 / p S F H 6 0   and   E.  c o l i   K12  J M 1 0 9 / p S F H 6 0   .  1  t r a n s -  

f o r m a n t s .   P l a s m i d   pSFH60  DNA  was  p r e p a r e d   f rom  t h e  

E.  c o l i   K12  J M 1 0 9 / p S F H 6 0   t r a n s f o r m a n t s   f o r   u se   in   t h e  

c o n s t r u c t i o n   o f   p l a s m i d   pSFH61  i n   s u b s t a n t i a l   a c c o r d a n c e  

15  w i t h   t h e   p r o c e d u r e   d e s c r i b e d   i n   E x a m p l e   3 .  

B.  C o n s t r u c t i o n   of   P l a s m i d   p S F H 6 1 .  

A b o u t   5  |jg  of   p l a s m i d   pSFH60  DNA  in   5  pi   of   TE 

20  b u f f e r   w e r e   a d d e d   to   2  mI  of   10X  H i n d i   1  1  b u f f e r   ( 0 . 5   M 

N a C l ;   0 . 5   M  T r i s - H C l ,   pH=8;  0 . 1   M  MgCl2 ;   and  1  mg/ml   B S A ) ,  

1  p i   (*20   u n i t s )   o f   r e s t r i c t i o n   e n z y m e   H i n d l l l ,   a n d  

12  p i   o f   HLO,  and   t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d  

a t   37  °C  f o r   2  h o u r s .   The  H i n d i   1  1  - d i g e s t e d   p l a s m i d  

25  pSFH60  DNA  was  t h e n   p r e c i p i t a t e d   w i t h   e t h a n o l   and  N a C l  

and   r e s u s p e n d e d   i n   17  jjI  o f   H2O.  A b o u t   2  pi   o f   1 0 X  

EcoRI   b u f f e r   (1  M  T r i s - H C l ,   p H = 7 . 5 ;   0 . 5   M  NaCl;   50  mM 

MgCl2 ;   and   1  m g / m l   BSA)  and  1  p i   ( ^20   u n i t s )   o f   r e s t r i c -  

t i o n   e n z y m e   EcoRI   w e r e   a d d e d   to   t h e   s o l u t i o n   o f   H i n d i   I I -  

30  d i g e s t e d   p l a s m i d   pSFH60  DNA,  and  t h e   r e s u l t i n g   r e a c t i o n  
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was  i n c u b a t e d   a t   37  °C  f o r   two  h o u r s .   The  E c o R I - H i n d l l l -  

d i g e s t e d   p l a s m i d   pSFH60  DNA  was  l o a d e d   o n t o   an  a g a r o s e  
g e l   and  s u b j e c t e d   to   e l e c t r o p h o r e s i s   u n t i l   t h e   -v-3.8  k b ,  
t l r B - c o n t a i n i n g   r e s t r i c t i o n   f r a g m e n t   was  s e p a r a t e d   f r o m  

5  t h e   o t h e r   d i g e s t i o n   p r o d u c t s .   The  ~ 3 . 8   kb  f r a g m e n t   w a s  
i s o l a t e d   f r o m   t h e   g e l   and  p u r i f i e d   i n   s u b s t a n t i a l  
a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   o f   E x a m p l e   3;  a b o u t   1  u g  
of   t h e   f r a g m e n t   was  o b t a i n e d .  

A b o u t   1  ug  o f   p l a s m i d   p H J L 4 0 1   was  d i g e s t e d  
10  w i t h   r e s t r i c t i o n   e n z y m e s   EcoRI   and   H i n d i   I  I  as  d e s c r i b e d  

a b o v e .   The  d i g e s t i o n s   w e r e   t e r m i n a t e d   by  i n c u b a t i n g  
t h e   r e a c t i o n   m i x t u r e   a t   70°C .   A b o u t   0 . 1   ug  o f   t h e  
EcoRI   - H i n d i   I  I  - d i g e s t e d   p l a s m i d   p H J L 4 0 1   DNA  was  m i x e d  
w i t h   a b o u t   0 .5   ug  o f   t h e   ~ 3 . 8   kb  E c o R I - H i n d l l l   r e s t r i c -  

15  t i o n   f r a g m e n t   o f   p l a s m i d   p S F H 6 0 ,   and  t h e n ,   t h e   DNA  w a s  
p r e c i p i t a t e d   w i t h   e t h a n o l   and  N a C l .   The  DNA  was  r e s u s -  
p e n d e d   i n   10  u l   o f   IX  l i g a s e   b u f f e r   c o n t a i n i n g   6  u n i t s  
o f   T4  DNA  l i g a s e   (  B o e h r i n g e r - M a n n h e i m   )  ,  and  t h e   r e s u l t -  

i n g   r e a c t i o n   was  i n c u b a t e d   a t   4°C  o v e r n i g h t   (^16  h o u r s ) .  
20  The  l i g a t e d   DNA  c o n s t i t u t e d   t h e   d e s i r e d  

p l a s m i d   pSFH61  and  was  u s e d   to   t r a n s f o r m   E.  c o l i   K12 
JM109  i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   o f  

E x a m p l e   3.  The  a m p i c i l l i n - r e s i s t a n t   t r a n s f o r m a n t s   t h a t  
f a i l e d   to   h y d r o l y z e   X - G a l   w e r e   s u b j e c t e d   to   r e s t r i c t i o n  

25  enzyme   a n a l y s i s   of   t h e i r   p l a s m i d   DNA  to   i d e n t i f y   t h e  

d e s i r e d   E.  c o l i   K12  J M 1 0 9 / p S F H 6 1   t r a n s f o r m a n t s .   A 

r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f   p l a s m i d   pSFH61  i s  

p r e s e n t e d   i n   F i g u r e   7  of   t h e   a c c o m p a n y i n g   d r a w i n g s .  



0 2 5 1 5 1 0  
X - 6 7 2 8   " 3 4 ~  

E x a m p l e   5 

C o n s t r u c t i o n   o f   P l a s m i d s   pSVB36  and  p S V B 3 7  

5  S t r e p t o m y c e s   l i v i d a n s   TK23 /pSVB2  (NRRL  1 5 8 8 0 )  

was  c u l t u r e d   and   t r e a t e d   in   s u b s t a n t i a l   a c c o r d a n c e   w i t h  

t h e   p r o c e d u r e   o f   E x a m p l e   1  to   i s o l a t e   p l a s m i d   p S V B 2  

DNA.  A  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f   p l a s m i d  

pSVB2  i s   p r e s e n t e d   i n   F i g u r e   9  o f   t h e   a c c o m p a n y i n g  

10  d r a w i n g s .   A b o u t   500  ng  of   p l a s m i d   pSVB2  DNA  i n   5  »il  

o f   TE  b u f f e r   w e r e   a d d e d   to   12  p i   o f   H20,  2  p i   o f   10X 

C l a l   b u f f e r   ( 0 . 5   M  NaCl ;   60  mM  T r i s - H C l ,   p H = 7 . 9 ;   60  mM 

MgCl2;  and   1  mg/ml   BSA),   and  2  y l   (~14   u n i t s )   o f   r e -  

s t r i c t i o n   e n z y m e   C l a l ,   and  t h e   r e s u l t i n g   r e a c t i o n   w a s  

15  i n c u b a t e d   a t   37°  f o r   one  h o u r .   The  C l a l   d i g e s t i o n  

r e d u c e s   u n d e s i r e d   l i g a t i o n   p r o d u c t s   i n   t h e   l i g a t i o n   t o  

p r o d u c e   p l a s m i d s   pSVB36  and  p S V B 3 7 .  

A b o u t   1  | j l   o f   1  M  NaCl  and   1  \il  (~8  u n i t s )   o f  

r e s t r i c t i o n   e n z y m e   B g l l l   we re   a d d e d   t o   t h e   s o l u t i o n   o f  

20  C l a l - d i g e s t e d   p l a s m i d   pSVB2  DNA,  and   t h e   r e a c t i o n   w a s  

i n c u b a t e d   a t   37  °C  f o r   a n o t h e r   h o u r .   A b o u t   5  (jl  o f   t h e  

r e a c t i o n   m i x t u r e   w e r e   r e m o v e d   and   s u b j e c t e d   to   a g a r o s e  

g e l   e l e c t r o p h o r e s i s   to   d e t e r m i n e   c o m p l e t e n e s s   o f  

d i g e s t i o n .   A b o u t   4  pi   o f   10X  BamHI  b u f f e r   ( 1 . 5   M  N a C l ;  

25  60  mM  T r i s - H C l ,   p H = 7 . 9 ;   60  mM  MgCl2 ;   and  1  mg/ml   B S A ) ,  

19  pi   o f   H20,  and  2  pi   (*48  u n i t s )   o f   r e s t r i c t i o n   e n z y m e  

BamHI  w e r e   a d d e d   to   t h e   r e m a i n i n g   -vl7  Mi  o f   B g J L I I - C l a l -  

d i g e s t e d   p l a s m i d   pSVB2  DNA,  and  t h e   r e a c t i o n   m i x t u r e  

was  i n c u b a t e d   a t   37  °C  f o r   one  h o u r .  
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A b o u t   500  ng  o f   p i n m i d   pSVB25  DNA  ( p r e p a r e d  
f rom  S t r e p t o f f l y c e e   l i v i d a n s   T R 2 3 / p 3 V B 2 5   c e l l s   in   s u b s t a n -  
t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   d e s c r i b e d   in   E x a m p l e   1 ,  
a b o v e ) ,   in   5  pi   of   TE  b u f f e r   were   a d d e d   to   U   Ml  of   H 9 0 ,  

5  2  p i   o f   10X  g a i n   b u f f e r ,   and  2  p i   (*16   u n i t s )   o f  
r e s t r i c t i o n   enzyme   B g ^ z z ,   and  t h e   r e s u l t i n g   r e a c t i o n   w a s  
i n c u b a t e d   a t   37°C  f o r   one   h o u r .   A b o u t   5  Ml  o f   t h e   r e a c t i o n  
m i x t u r e   w e r e   s u b j e c t e d   to   a g a r o s e   g e l   e l e c t r o p h o r e s i s   t o  
d e t e r m i n e   t h e   c o m p l e t e n e s s   of   t h e   B g l l l   d i g e s t i o n ,   and  t h e  

10  r e m a i n i n g   B a l l   I  - d i g e s t e d   p l a s m i d   pSVB25  DNA  was  p r e c i p i t a t e d  
w i t h   e t h a n o l   and  t r e a t e d   w i t h   c a l f - i n t e s t i n a l   a l k a l i n e  
p h o s p h a t a s e   i n   s u b s t a n t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e  
of   E x a m p l e   1 .  

A b o u t   25  pi   o f   t h e   C l a l - B g l i i - B a n f f l l - d i g e s t e d  
15  p l a s m i d   PSVB2  DNA  and  a b o u t   67  Ml  o f   t h e   B a l l   I  - d i g e s t e d ,  

a l k a l i n e   p h o s p h a t a s e - t r e a t e d   p l a s m i d   pSVB25  DNA  w e r e  
m i x e d   t o g e t h e r   w i t h   9 .2   pi   o f   3  M  NaOAc  and   250  Ml  o f  
e t h a n o l .   The  m i x t u r e   was  c h i l l e d   a t   - 7 0 ° c   f o r   30  m i n -  
u t e s   and  t h e n   c e n t r i f u g e d   to   p e l l e t   t h e   DNA.  T h e  

20  p e l l e t   was  r e s u s p e n d e d   in   10  Ml  o f   IX  l i g a s e   b u f f e r   t h a t  
c o n t a i n e d   1  u n i t   of   T4  DNA  l i g a s e ,   and  t h e   r e s u l t i n g  
r e a c t i o n   was  i n c u b a t e d   a t   15°C  o v e r n i g h t .   The  l i g a t e d  
DNA  c o n s t i t u t e d   t h e   d e s i r e d   p l a s m i d s   pSVB36  and  p S V B 3 7 .  
A  r e s t r i c t i o n   s i t e   and  f u n c t i o n   map  o f   p l a s m i d   pSVB36  i s  

25  p r e s e n t e d   in   F i g u r e   8  of   t h e   a c c o m p a n y i n g   d r a w i n g s .  
A b o u t   5  pi   of   t h e   l i g a t e d   DNA  were   u s e d   to   t r a n s f o r m  
S t r e p t o m v c e s   l i v i d a n s   TK23,  as  d e s c r i b e d   i n   E x a m p l e   6 .  
The  d e s i r e d   S.  l i v i d a n s   TK23/pSVB36  and  S.  l i v i d a n s  
TK23 /pSVB37   t r a n s f o r m a n t s   were   i d e n t i f i e d   by  t h e i r  

30  t y l o t s i n - r e s i s t a n t   p h e n o t y p e   and  by  r e s t r i c t i o n   e n z y m e  
a n a l y s i s   of   t h e i r   p l a s m i d   DNA. 
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C o n s t r u c t i o n   o f   T y l o s i n - R e s i s t a n t   S t r e p t o m y c e s  

l i v i d a n s   TK23  T r a n s f o r m a n t s  

A.  L i s t   o f   S o l u t i o n s  

The  f o l l o w i n g   s o l u t i o n s   a r e   r e f e r r e d   t o  

t h r o u g h o u t   t h e   E x a m p l e s   and  a r e   p r e s e n t e d   h e r e   f o r  

10  c l a r i t y .  

1.  P  m e d i u m   (*100   m l ) :  

I n g r e d i e n t   A m o u n t  

S u c r o s e   1 0 . 3   g  

K2SO4  0 . 0 2 5   g  

T r a c e   e l e m e n t   s o l u t i o n   .  0 . 2   m l  
( s e e   # 3 )  

MgCl2«6H2O  0 . 2 0 3   g  

W a t e r   80  m l  

it  a u t o c l a v i n g   a d d :  

KH2PO4  ( 0 . 5 % )   1  m l  

C a C l 2 - 2 H 2 O   ( 3 . 6 8 % )   10  m l  

( N - t r i s - ( h y d r o x y m e t h y l ) -   10  m l  
m e t h y l   -2  -  a m i n o e   t h a n e  

s u l p h o n i c   a c i d ) ,  
"TES"  b u f f e r ,   0 . 2 5   M, 
p H = 7 . 2  

1 5  

2 0  

2 5  
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2 .  L  med ium  (-vlOO  m l ) :  

I n g r e d i e n t   Amount-. 

S u c r o s e   ( 1 0 . 3 % )   100  m l  
TES  b u f f e r ,   pH  7 . 2  

( 0 . 2 5   M)  io  m l  

K2SO4  ( 2 . 5 % )   i  m l  
T r a c e   e l e m e n t   s o l u t i o n  

( s e e   #3)   0 .2   m l  

KH2P04  ( 0 . 5 % )   i  m i  

MgCl2  ( 2 . 5   M)  o . l   m l  

CaCl2   ( 0 . 2 5   M)  l  m l  

L y s o z y m e   1  m g / m l  

1 0  

The  L  med ium  i s   f i l t e r   s t e r i l i z e d   a f t e r   p r e p a r a t i o n .  
1 5  

T r a c e   e l e m e n t   s o l u t i o n   (-^1  1 ) :  

I n g r e d i e n t   A m o u n t  

ZnCl2  40  mg 

F e C l 3 - 6 H 2 O   200  mg 

C u C l 2 - 2 H 2 O   10  mg 

MnCl2«4H2O  10  mg 

Na2B4O?-10H2O  10  mg 

(NH4)6Mo7O24-4H2O  10  mg 

H2O  1  1 

2 0  

2 5  
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4.  R2  R e g e n e r a t i o n   Medium  (~  1  1 ) :  

I n g r e d i e n t  

S u c r o s e  

K2SO4 
T r a c e   e l e m e n t   s o l u t i o n  

M g C l 2 - 6 H 2 O  

g l u c o s e  

L - a s p a r a g i n e *   1H2O 
c a s a m i n o   a c i d s  

A g a r  

W a t e r  

103  g  
0 . 2 5   g  

2  m l  

1 0 . 1 2   g  

10  g  
2 . 0   g  
0 . 1   g  

22  g  

to  700  m l  
1 0  

A f t e r   a u t o c l a v i n g   a d d :  

KH2PO4  ( 0 . 0 5   g / 1 0 0   m l )  

CaCl2  ( 2 . 2 2   g / 1 0 0   m l )  

TES  B u f f e r   ( 5 . 7 3   g / 1 0 0   m l ,  
pH  =  7 . 2 )  

NaOH  (5  N)  

5.  T  med ium  ( ^ 1 4 .   5  m l ) :  

I n g r e d i e n t  

S u c r o s e   ( 1 0 . 3 % )  

D i s t i l l e d   w a t e r  

T r a c e   e l e m e n t   s o l u t i o n  

K2SO4  ( 2 . 5 % )  

CaCl -   (5  M) 

100  m l  

100  m l  

100  m l  

1  m l  

1 5  

2 0  

A m o u n t '  

2 . 5   m l  

7 . 5   m l  

20  p i  

100  Ml 

217  Ml 

543  Ml 

3 . 6 3   g  

2 5  

K2SO4 

CaCl2  (5  M) 

T r i s - m a l e i c   a c i d ,   pH=8  (1  M) 

P o l y e t h y l e n e   g l y c o l   1 0 0 0  

3 0  
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A l l   c o m p o n e n t s   w e r e   s t e r i l i z e d   b e f o r e   u s e .  
The  l i q u i d   c o m p o n e n t s   w e r e   m i x e d   and  t h e n   a d d e d   to   t h e  
a p p r o p r i a t e   a m o u n t   o f   m o l t e n   p o l y e t h y l e n e   g l y c o l .   T h e  
f i r s t   f o u r   i n g r e d i e n t s   may  be  p r e - m i x e d   and  s t o r e d   a t  

5  room  t e m p e r a t u r e   f o r   a t   l e a s t   one  m o n t h .  

6.  S o f t   n u t r i e n t   a g a r   (SNA,  q   1 ) :  
I n g r e d i e n t   A m o u n t  

D i f c o   B a c t o   N u t r i e n t   B r o t h   8  g  
10  Aga r   5  g  

7.  R2YE  medium  i s   R2  med ium  w i t h   20  ml  o f   25%  y e a s t  
e x t r a c t   a d d e d   p e r   l i t e r . .  

15  8.  Y e a s t   E x t r a c t   -  M a l t   E x t r a c t   (YEME,  ~1  1 ) :  
I n g r e d i e n t   A m o u n t  

Y e a s t   e x t r a c t   3  g  
P e p t o n e   5  g  
M a l t   e x t r a c t   3  g  

20  G l u c o s e   10  g  

9.  YEME  +  34%  S u c r o s e   L i q u i d   C o m p l e t e   Medium  i s   YEME 
w i t h   340  g / l i t e r   of   s u c r o s e .  

25  10.  YMX  M e d i a   (~1  1 ) :  

I n g r e d i e n t   A m o u n t  

Y e a s t   e x t r a c t   3  g  
M a l t   e x t r a c t   3  g  
G l u c o s e   2  g  

30  Agar   20  g  
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B.  P r e p a r a t i o n   and  S t o r a g e   of   P r o t o p l a s t s  

The  p r o c e d u r e   d e s c r i b e d   i n   t h i s   E x a m p l e   w a s  

u s e d   to   c o n s t r u c t   and   a n a l y z e   S t r e p t o m y c e s   l i v i d a n s   TK23 

5  t r a n s   f o r m a n t s .   P l a s m i d s   pSVB9,  pSVB25,   pSVB36,   p S V B 3 7 ,  

p S F H 6 1 ,   pSVB47,   pSFH62 ,   pSFH63 ,   and  pSKC13  w e r e   e a c h  

s e p a r a t e l y   and  i n d e p e n d e n t l y   u s e d   as  t h e   t r a n s f o r m i n g   DNA. 

S t r e p t o m y c e s   l i v i d a n s   TK23  (NRRL  1 5 8 2 6 )   w e r e  

g r o w n   f o r   4 0 - 4 8   h o u r s   a t   30  °C  i n   YEME  +  34%  s u c r o s e ,  

10  5  mM  MgCl2,   and   0 .5%  g l y c i n e .   The  m y c e l i u m   was  r e c o v e r e d  

by  c e n t r i f u g a t i o n   ( 800Xg   f o r   10  m i n u t e s   in   a  b e n c h   t o p  

c e n t r i f u g e )   and   w a s h e d   t w i c e   i n   10 .3%  s u c r o s e .   T h e  

m y c e l i u m   f rom  2 5 - 5 0   ml  o f   c u l t u r e   was  s u s p e n d e d   i n  

3 - 4   ml  o f   L  m e d i u m   and  i n c u b a t e d   f o r   1  h o u r   a t   32  ° C .  

15  D u r i n g   t h i s   i n t e r v a l   t h e   s u s p e n s i o n   was  p i p e t t e d   up  a n d  

down  o n c e   or   t w i d e   to   d i s p e r s e   c l u m p s .   F i v e   ml  o f  

P  med ium  w e r e   a d d e d ,   and   t h e   s u s p e n s i o n   was  t h e n   f i l -  

t e r e d   t h r o u g h   a  p l u g   o f   c o t t o n   w o o l .   The  p r o t o p l a s t s  

w e r e   r e c o v e r e d   by  c e n t r i f u g a t i o n   (800Xg  f o r   10  m i n u t e s )  

20  and   w a s h e d   t w i c e   w i t h   5  ml  o f   P  m e d i u m .   The  p r o t o p l a s t s  

w e r e   t h e n   s u s p e n d e d   in   4  ml  o f   P  medium  and  t h e   n u m b e r  

o f   p r o t o p l a s t s   d e t e r m i n e d   m i c r o s c o p i c a l l y   u s i n g   a  

h e m a c y t o m e t e r   s l i d e .   I f   t h e   p r o t o p l a s t s   a r e   n o t   t o   b e  

u s e d   i m m e d i a t e l y ,   t h e   s u s p e n s i o n   can   be  d i v i d e d   i n t o  
9  1 0  

25  a l i q u o t s   ( a b o u t   1  ml)   c o n t a i n i n g   5  x  10  -  10  p r o t o -  

p l a s t s   in   s t e r i l e   p o l y p r o p y l e n e   s c r e w - c a p   t u b e s .   T h e  

s u s p e n s i o n s   w e r e   f r o z e n   s l o w l y   by  p l a c i n g   t h e   t u b e s   in   a  

c o n t a i n e r   of   i c e ,   w h i c h   was  i n   t u r n   p l a c e d   a t   -70   ° C .  

The  p r o t o p l a s t s   w e r e   s t o r e d   a t   t h i s   t e m p e r a t u r e   u n t i l  
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n e e d e d .   The  f r o z e n   s u s p e n s i o n   was  t h a w e d   r a p i d l y   b y  
i m m e r s i o n   in   a  3 7 ° c   w a t e r   b a t h   p r i o r   to   u s e .  

c«  P r o t o p l a s t   T r a n s f o r m a t i o n  

5 

A p p r o x i m a t e l y   5  x  109  p r o t o p l a s t s   w e r e   p e l -  
l e t e d   by  c e n t r i f u g a t i o n   ( 800Xg   f o r   10  m i n u t e s ) .   T h e  

s u p e r n a t a n t   was  d e c a n t e d   and   t h e   p r o t o p l a s t s   w e r e   r e -  

s u s p e n d e d   in   t h e   s m a l l   v o l u m e   of   l i q u i d '   r e m a i n i n g   i n  

10  t h e   t u b e .   P l a s m i d   DNA  i n   a  v o l u m e   n o t   g r e a t e r   t h a n  
20  p i   in   TE  b u f f e r   was  a d d e d ,   f o l l o w e d   i m m e d i a t e l y   b y  
t h e   a d d i t i o n   o f   0 . 5   ml  o f   T  m e d i u m .   The  m i x t u r e   w a s  

p i p e t t e d   up  and  down  o n c e   or   t w i c e   to   mix  t h e   c o n t e n t s .  
At  t h i s   p o i n t   t h e   s u s p e n s i o n   was  e i t h e r   p l a t e d   d i r e c t l y  

15  or   d i l u t e d   w i t h   0 . 5   ml  o f   P  med ium  and  t h e n   p l a t e d .   I n  
e i t h e r   c a s e ,   a b o u t   0 . 1   ml  was  i n o c u l a t e d   p e r   p l a t e   o f  

R2YE  m e d i u m .  

T y l o s i n - r e s i s t a n t   t r a n s f o r m a n t s   w e r e   s e l e c t e d  

by  r e p l i c a - p l a t i n g   r e g e n e r a t e d   p r o t o p l a s t s   to   R2YE 

20  medium  c o n t a i n i n g   500  p g / m l   o f   t y l o s i n .   A l t e r n a t i v e l y ,  

t y l o s i n - r e s i s t a n t   t r a n s f o r m a n t s   can   be  s e l e c t e d   b y  

o v e r l a y i n g   t h e   r e g e n e r a t i n g   p r o t o p l a s t s   w i t h   s o f t   n u t r i -  

e n t   b r o t h   a g a r   c o n t a i n i n g   t y l o s i n .   The  r e g e n e r a t i o n  

p l a t e s   a r e   i n c u b a t e d   f o r   1 6 - 2 2   h o u r s   a t   30°C  b e f o r e   t h e  

25  a p p l i c a t i o n   of   2 . 5   ml  p e r   p l a t e   o f   SNA  ( a t   a  t e m p e r a t u r e  

of   4 5 - 5 0 ° C )   c o n t a i n i n g   e n o u g h   t y l o s i n   to   g i v e   a  f i n a l  

c o n c e n t r a t i o n   o f   500  \ ig / ra l   a f t e r   d i f f u s i o n .   M e l a n i n  

p r o d u c t i o n ,   or   l a c k   t h e r e o f ,   by  t r a n s f o r m a n t s   c a r r y i n g  

p I J 7 0 2   d e r i v a t i v e s   was  d e t e c t e d   by  i n c o r p o r a t i n g  

30  t y r o s i n e   a t   750  p g / m l   i n t o   t h e   SNA  o v e r l a y ;   t h o s e   t r a n s -  
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f e n a a n t i   p e i i s s s i n g   an  i a t t o t   t y r o i i w i i e   g t n t   f e t eem© 

b l a c k   a f t t r   g r o w t h   i n   t h e   p r e i e s o t   -o£  t y r o i i n e .  

P.  A n a l y s i s   o f   s t r a p t o m y c e n   l i v i d a n g ,   T r a n s   f o r m a n t s  

5  "  '  "~   :  — —   r ~   -  

The  t r a n s   f o r m a n t s   a r e   c u l t u r e d   on  R2YE  a g a r  

s u p p l e m e n t e d   w i t h   t y l o s i n   (500  p g / m l )   to   o b t a i n   s i n g l e  

c o l o n i e s   .  T h e s e   s i n g l e   c o l o n i e s   a r e   u s e d   t o   i n o c u l a t e  

10  ml  TSB  c u l t u r e s   a l s o   c o n t a i n i n g   t h i o s . t r e p t o n   (20  p g / m l )  

10  The  c u l t u r e s   a r e   h o m o g e n i z e d   and  t h e n   g r o w n   o v e r n i g h t   a t  

30°C  i n   a  r o t a r y   s h a k e r .   • 

P l a s m i d   i s o l a t i o n   f o r   a n a l y s i s   i s   done   by  a  

s m a l l - s c a l e   v e r s i o n   o f   t h e   p r o t o c o l   o f   E x a m p l e   1;  t h e  

C s C l   g r a d i e n t s   o f   E x a m p l e   1  a r e   r e p l a c e d   by  e t h a n o l  

15  p r e c i p i t a t i o n s .   The  m y c e l i u m   i s   c o l l e c t e d   by  c e n t r i f u -  

g a t i o n ,   w a s h e d   t w i c e   w i t h   1 0 . 3 %   s u c r o s e   and  t h e n   s u s -  

p e n d e d   i n   1-2  ml  o f   1 0 . 3 %   s u c r o s e .   F o u r   h u n d r e d   mI  o f  

t h e   c e l l   m i x t u r e   a r e   t r a n s f e r r e d   to   a  s m a l l   t u b e ,   a n d  

100  mI  of   5X  L y s o z y m e   s o l u t i o n   ( E x a m p l e   1)  a r e   a d d e d .  

20  The   s u s p e n s i o n   i s   i n c u b a t e d   a t   30°C  f o r   3 0 - 6 0   m i n u t e s ,  

f o l l o w e d   by  t h e   a d d i t i o n   and  m i x i n g   of   300  \i\  o f   0 . 3   M 

NaOH  c o n t a i n i n g   1%  SDS.  The  l a t t e r   s o l u t i o n   i s   k e p t   a t  

50°C  b e f o r e   i t s   a d d i t i o n   to   t h e   c e l l   m i x .   The  c e l l  

m i x t u r e   i s   p l a c e d   a t   80  °C  f o r   10  m i n u t e s ,   c o o l e d   to   r o o m  

25  t e m p e r a t u r e ,   and  t h e n   e x t r a c t e d   w i t h   200  mI  o f  

p h e n o l   :CHC13  ( 5 0 : 5 0 ) .   The  a q u e o u s   p h a s e   i s   t r a n s f e r r e d  

to   a  c l e a n   t u b e ,   made  0 . 3   ML  in   NaOAc,  and  t h e n   o n e  

v o l u m e   of  i s o p r o p a n o l   i s   a d d e d .   The  DNA  i s   i n c u b a t e d   a t  

•  room  t e m p e r a t u r e   f o r   f i v e   m i n u t e s   and  t h e n   p e l l e t e d   b y  

30  c e n t r i f u g a t i o n .   The  p e l l e t   i s   d i s s o l v e d   i n   400  pi   of   TE 
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b u f f e r   and  made  0 .3   M  i n   NaOAc.  A b o u t   2 .5   v o l u m e s   o f  
e t h a n o l   a r e   a d d e d ,   and  t h e   m i x t u r e   i s   i n c u b a t e d   a t   - 7 0 ° C  
f o r   30  m i n u t e s .   A f t e r   c e n t r i f u g a t i o n   and  a n o t h e r   p r e -  
c i p i t a t i o n ,   t h e   p l a s m i d   DNA  i s   s u s p e n d e d   in   50  pi   o f   TE 

5  b u f f e r .   R e s t r i c t i o n   e n z y m e   c u t t i n g   and  e l e c t r o p h o r e t i c  
a n a l y s i s   o f   t h e   r e a c t i o n   p r o d u c t s   a r e   u s e d   to   d e t e r m i n e  
p l a s m i d   s t r u c t u r e .  

E x a m p l e   7 
1 0  

C o n s t r u c t i o n   of   P l a s m i d   P S V B 4 7  

A.  C o n s t r u c t i o n   o f   P l a s m i d   p S V B 4 0  

I5  A b o u t   1 .2   |jg  of   p l a s m i d   pUC19  DNA  in   4  pi   o f  
TE  b u f f e r   w e r e   a d d e d   to   2  pi   of   10X  S a c I   b u f f e r   (60  mM 
T r i s - H C l ,   p H = 7 . 4 ;   60  mM  MgCl2;   60  mM  2 - m e r c a p t o e t h a n o l ;  
and  100  mg/ml   BSA),  1  pi   (~1O  u n i t s )   o f   r e s t r i c t i o n  

e n z y m e   S a c I ,   and  13  pi   of   H2O.  The  r e s u l t i n g   r e a c t i o n  
20  was  i n c u b a t e d   a t   37  °C  f o r   1  h o u r .   A b o u t   6  pi  of   1 0 X  

B ^ l I I   b u f f e r ,   2  pi  (^20   u n i t s )   of   r e s t r i c t i o n   e n z y m e  
B g l l l ,   and  32  pi   of   H2O  w e r e   a d d e d   to   t h e   s o l u t i o n   o f  
S a c l - d i g e s t e d   p l a s m i d   pUC19  DNA,  and  t h e   r e a c t i o n   w a s  
p l a c e d   a t   37°C  f o r   a n o t h e r   h o u r .  

25  A b o u t   1  pg  o f   p l a s m i d   pSVB25  DNA  in   10  pi   o f  
TE  b u f f e r   was  a d d e d   to   2  pi   o f   10X  S a c I   b u f f e r ,   1  p i  
(-V.10  u n i t s )   o f   r e s t r i c t i o n   enzyme   S a c I ,   and  7  pi   o f  

H2O,  and  t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   37  °C 
f o r   1  h o u r .   A b o u t   6  pi   of   10X  B g l l l   b u f f e r ,   2  pi   ( ^ 2 0  

30  u n i t s )   of   r e s t r i c t i o n   enzyme   B g l l l ,   and  32  pi   of   H , 0  



X - 6 7 2 8   - 4 4 -   
0 2 5 1 5 1 0  

w e r e   a d d e d   t o   t h e   s o l u t i o n   o f   Sac  I n d i g e s t e d   p l a s m i d  

pSVB25  DNA,  and   t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d  

a t   37  °C  f o r   1  h o u r .  

A b o u t   150  ng  (a-7 ,5   p i )   o f   S a c I - B g l l l - d i g e s t e d  

5  p l a s m i d   pUC19  and  375  ng  (~22  p i )   o f   S a c I - B g j L I I - d i g e s t e d  

p l a s m i d   pSVB25  w e r e   m i x e d   t o g e t h e r   and  p r e c i p i t a t e d   w i t h  

NaCl   and   e t h a n o l .   The  DNA  was  r e s u s p e n d e d   in   5  pi   o f  

IX  l i g a s e   b u f f e r   c o n t a i n i n g   3  u n i t s   o f   T4  DNA  l i g a s e  

( B o e h r i n g e r - M a n n h e i m ) ,   and  t h e   r e s u l t i n g   r e a c t i o n   w a s  

10  i n c u b a t e d   a t   4°C  f o r   a b o u t   16  h o u r s .   The  l i g a t e d   DNA 

c o n s t i t u t e d   t h e   d e s i r e d   p l a s m i d   pSVB40;   a  r e s t r i c t i o n  

s i t e   and  f u n c t i o n   map  of   p l a s m i d   pSVB40  i s   p r e s e n t e d   i n  

F i g u r e   11  o f   t h e   a c c o m p a n y i n g   d r a w i n g s .   The  l i g a t e d   DNA 

was  u s e d   to   t r a n s f o r m   E.  c o l i   K12  JM109  i n   s u b s t a n t i a l  

15  a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   o f   E x a m p l e   3.  The  t r a n s -  

f o r m e d   c e l l s   w e r e   p l a t e d   on  L  a g a r   c o n t a i n i n g   40  p g / m l  

IPTG,  40  | j g / m l   X - G a l ,   and  100  p g / m l   a m p i c i l l i n .   N o n -  

i n d i g o - c o l o r e d   c o l o n i e s   w e r e   s c r e e n e d   by  r e s t r i c t i o n  

e n z y m e   a n a l y s i s   t o   i d e n t i f y   t h e   d e s i r e d   E.  c o l i   K12 

20  J M 1 0 9 / p S V B 4 0   t r a n s   f o r m a n t s .   P l a s m i d   DNA  was  o b t a i n e d  

f r o m   t h e   E.  c o l i   K12  J M 1 0 9 / p S V B 4 0   t r a n s   f o r m a n t s   f o r  

u s e   i n   t h e   c o n s t r u c t i o n   o f   p l a s m i d   pSVB47  in   s u b s t a n t i a l  

a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   d e s c r i b e d   i n   E x a m p l e   3 .  

25  B.  C o n s t r u c t i o n   of   P l a s m i d   p S V B 4 7  

A b o u t   1 . 2   pg  o f   p l a s m i d   p I J 9 0 3   DNA  in   4  pi   o f  

TE  b u f f e r   w e r e   a d d e d   to   2  pi   o f   10X  H i n d i   1  1  b u f f e r ,   1  p i  

( ^10   u n i t s )   o f   r e s t r i c t i o n   e n z y m e   H i n d l l l ,   and  13  pi   o f  

30  H2O.  The  r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   37  °C  f o r   1 
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h o u r .   A b o u t   6  pi   of   10X  EcoRI   b u f f e r ,   2  pi   (~20  u n i t s )  
of   r e s t r i c t i o n   enzyme   E c o R I ,   and  32  pi   of   ELO  w e r e   a d d e d  
to   t h e   s o l u t i o n   of   H i n d i   I  I  - d i g e s t e d   p l a s m i d   p I J 9 0 3   DNA, 
and  t h e   r e a c t i o n   was  p l a c e d   a t   37°C  f o r   a n o t h e r   h o u r .  

5  A b o u t   1  pg  o f   p l a s m i d   pSVB40  DNA  in   10  p i   o f  
TE  b u f f e r   was  a d d e d   to   2  p i   o f   10X  H i n d i   1  1  b u f f e r ,   1  p i  
(~10  u n i t s )   of   r e s t r i c t i o n   e n z y m e   H i n d l l l ,   and  7  p i   o f  

H20,  and  t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d   a t   37  °C 
f o r   1  h o u r .   A b o u t   6  pi   ' o f   10X  EcoRI   b u f f e r ,   2  p i   ( ~ 2 0  

10  u n i t s )   of   r e s t r i c t i o n   e n z y m e   EcoRI   ,  and  32  pi   o f   H2O 
w e r e   a d d e d   to   t h e   s o l u t i o n   o f   H i n d i   I  I  - d i g e s t e d   p l a s m i d  
pSVB40  DNA,  and  t h e   r e s u l t i n g   r e a c t i o n   was  i n c u b a t e d  
a t   37  °C  f o r   1  h o u r .  

A b o u t   150  ng  (A.7.5  p i )   o f   H i n d i   1  1  - E c o R I   -  
15  d i g e s t e d   p l a s m i d   p I J 9 0 3   and  375  ng  (^22  p i )   o f   H i n d i   I I -  

EcoRI   - d i g e s t e d   p l a s m i d   pSVB40  w e r e   m i x e d   t o g e t h e r   a n d  
p r e c i p i t a t e d   w i t h   NaCl  and  e t h a n o l .   The  DNA  was  r e s u s -  
p e n d e d   i n   5  pi   o f   IX  l i g a s e   b u f f e r   c o n t a i n i n g   3  u n i t s  
o f   T4  DNA  l i g a s e   ( B o e h r i n g e r - M a n n h e i r a )   .  The  l i g a t e d   DNA 

20  c o n s t i t u t e d   t h e   d e s i r e d   p l a s m i d   pSVB47;   a  r e s t r i c t i o n  
s i t e   and  f u n c t i o n   map  o f   p l a s m i d   pSVB47  i s   p r e s e n t e d   i n  
F i g u r e   12  of   t h e   a c c o m p a n y i n g   d r a w i n g s .   The  l i g a t e d   DNA 
was  u s e d   to   t r a n s f o r m   S t r e p t o m v c e s   l i v i d a n s   in   s u b s t a n -  
t i a l   a c c o r d a n c e   w i t h   t h e   p r o c e d u r e   o f   E x a m p l e   6 .  
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CLAIMS 

1.  The  t l r B   g e n e   o f   S t r e p t o m y c e s   f r a d i a e .  

2.  A  c o n s t r u c t e d   DNA  c o m p r i s i n g   t h e   t l r B  

5  g e n e   o f   S t r e p t o m y c e s   f r a d i a e .  

3.  The  DNA  of   C l a i m   2  w h i c h   i s   t h e   ^ 3 . 3 5   k b  

S a c I - B c [ l I I   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   p S V B 9 .  

4.  A  r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r   w h i c h  

c o m p r i s e s   t h e   t l r B   g e n e   o f   S t r e p t o m y c e s   f r a d i a e .  

10  5.  ^ e   v e c t o r   o f   C l a i m   4  t h a t   i s   a  p l a s m i d .  

6.  The  v e c t o r   o f   C l a i m   5  w h i c h   i s   p l a s m i d  

pSVB9,  pSVB25,   pSVB36,   pSVB37,   pSVB40 ,   pSVB47,   p S K C 1 3 ,  

p S F H 6 0 ,   p S F H 6 0 . 1 ,   or   p S F H 6 1 .  

7.  A  h o s t   c e l l   t r a n s f o r m e d   w i t h   a  

15  r e c o m b i n a n t   c l o n i n g   v e c t o r   w h i c h   c o m p r i s e s   t h e   t l r B  

g e n e   of   S t r e p t o m y c e s   f r a d i a e   . 

8.  The  h o s t   c e l l   o f   C l a i m   7  w h i c h   i s  

S t r e p t o m y c e s   . 
9.  The  h o s t   c e l l   o f   C l a i m   8  w h i c h   i s  

20  S t r e p t o m y c e s   f r a d i a e   o r   S t r e p t o m y c e s   l i v i d a n s   . 

10.  The  h o s t   c e l l   o f   C l a i m   9  w h i c h   i s  

S t r e p t o m y c e s   l i v i d a n s   t r a n s f o r m e d   w i t h   p l a s m i d   p S V B 9 ,  

pSVB25,   pSVB36,   pSVB37,   pSVB47 ,   p S F H 6 1 ,   pSFH62  ,  p S F H 6 3 ,  

o r   p S K C 1 3 .  

25  l l .   The  h o s t   c e l l   of   C l a i m   7  w h i c h   i s   E.  c o l i  

12.   The  h o s t   c e l l   of   C l a i m   11  w h i c h   i s   E .  

c o l i   K12  JM109  t r a n s f o r m e d   w i t h   p l a s m i d   p S F H 6 0 ,  

P S F H 6 0 . 1 ,   p S F H 6 1 ,   pSFH62 ,   pSFH63  ,  pSVB40 ,   o r   pSKC13  . 
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CLAIMS 

1.  A  p r o c e s s   f o r   p r e p a r i n g   a  r e c o m b i n a n t   DNA 
t y l o s i n   r e s i s t a n c e - c o n f e r r i n g   c l o n i n g   v e c t o r ,  
c h a r a c t e r i z e d   by  l i g a t i n g   t h e   t l r B   gene   a n d ,  

5  o p t i o n a l l y ,   t h e   t l r A   g e n e   o f   S t r e p   t o m v c e s   f r a d i a e   and   a  
DNA  s e q u e n c e   c o m p r i s i n g   a  S t r e p t o m y c e s   r e p l i c o n .  

2.  The  p r o c e s s   o f   C l a i m   1,  c h a r a c t e r i z e d   i n  
t h a t   t h e   v e c t o r   i s   a  p l a s m i d .  

3.  The  p r o c e s s   o f   C l a i m   2,  c h a r a c t e r i z e d   b y  
10  l i g a t i n g   t h e   * 3 . 3 5   kb  B s l I I - S a c i   r e s t r i c t i o n   f r a g m e n t  

of   p l a s m i d   pSVB9  or  t h e   ~ 5 . 0   kb  B g l l l   r e s t r i c t i o n  

f r a g m e n t   of   p l a s m i d   p H J L 3 1 5   and  t h e   DNA  s e q u e n c e  
c o m p r i s i n g   t h e   S t r e p t o m y c e s   r e p l i c o n .  

4.  The  p r o c e s s   o f   C l a i m   3,  c h a r a c t e r i z e d   i n  
15  t h a t   t h e   DNA  s e q u e n c e   c o m p r i s i n g   t h e   S t r e p t o m y c e s  

r e p l i o n   i s   a  r e s t r i c t i o n   f r a g m e n t   of  p l a s m i d   p I J 7 0 2 f  
P I J 9 0 3   or   p H J L 4 0 1 .  

5.  The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d   pSVB25,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e  
20  B ^ m - S a c I   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   p I J 7 0 2   a n d  

t h e   B f l l l l - S a c l - C l a l   d i g e s t   o f   p l a s m i d   p S V B 9 .  
6.  The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d s   pSFH62  and  pSFH63 ,   c h a r a c t e r i z e d   by  l i g a t i n g  
t h e   -n-5.0  kb  B g l l l   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d  

25  p H J L 3 1 5   and  t h e   BamHI  d i g e s t   o f   p l a s m i d   p H J L 4 0 1 .  
7.  The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d   pSKC13,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   ~ 5 . 2   k b  

B g l l l   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   pHJL315   and  t h e  

BamHI  d i g e s t   of   p l a s m i d   p H J L 4 0 1 .  
30  8.  The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d s   pSFH60  and  p S F H 6 0 . 1 ,   c h a r a c t e r i z e d   by  l i g a t i n g  
t h e   ^ 3 . 8   kb  Kpnl  r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p S K C 1 3  
and  t h e   Kp_n  d i g e s t   o f   p l a s m i d   p U C 1 9 .  
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9,  The  p r o c e s s   of   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d   pSFH61 ,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   * 3 . 8   j 

EcjjRI  - H i n d i   II  r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   p S F H 6 0  

and  t h e   E c o R I - H i n d l l l   d i g e s t   o f   p l a s m i d   p H J L 4 0 1 .  

5  •  10.   The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g   : 

p l a s m i d s   pSVB36  and  pSVB37,   c h a r a c t e r i z e d   by  l i g a t i n g   j 

t h e   ^ 2 . 8 6   kb  B a r o H I - B g l l l   r e s t r i c t i o n   f r a g m e n t   of   j 

p l a s m i d   pSVB2  and  t h e   Bgl  II   d i g e s t   of   p l a s m i d   p S V B 2 5 .  

11.  The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  

10  p l a s m i d   pSVB40,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   ^ 3 . 3 5   k b  

S a c l - B g l l l   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   pSVB2  a n d  

t h e   S a c l - B g l l l   d i g e s t   o f   p l a s m i d   pUC19.   ; 

12.   The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g   ! 

p l a s m i d   pSVB47,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   * 3 . 8   kb  i 

15  E c o R I - H i n d l l l   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   pSVB40  ' 

and  t h e   EcoRI  - H i n d i   I  I  d i g e s t   o f   p l a s m i d   p I J 9 0 3 .  

13.   A  h o s t   c e l l   t r a n s f o r m e d   w i t h   a  

r e c o m b i n a n t   DNA  c l o n i n g   v e c t o r   w h i c h   c o m p r i s e s   t h e   t l r B  

g e n e   o f   S t r e p t o m y c e s   f r a d i a e .  

20  14.  The  h o s t   c e l l   o f   C l a i m   13  w h i c h   i s  

S t r e p t o m y c e s   . 
15.  The  h o s t   c e l l   o f   C l a i m   14  w h i c h   i s  

S t r e p t o m y c e s   f r a d i a e   o r   S t r e p t o m y c e s   l i v i d a n s   . 

16.  The  h o s t   c e l l   o f   C l a i m   15  w h i c h   i s  

25  S t r e p t o m y c e s   l i v i d a n s   t r a n s f o r m e d   w i t h   p l a s m i d   pSVB9,  j 
pSVB25,   pSVB36,   pSVB37,   pSVB47,   p S F H 6 1 ,   pSFH62,   pSFH63  , 

or   p S K C 1 3 .  

17.  The  h o s t   c e l l   o f   C l a i m   13  w h i c h   i s   E.  c o l i .   ; 

18.  The  h o s t   c e l l   o f   C l a i m   17  w h i c h   i s   E.  c o l i   | 

30  K12  JM109  t r a n s f o r m e d   w i t h   p l a s m i d   pSFH60,   p S F H 6 0 . 1 ,   j 

p S F H 6 1 ,   pSFH62 ,   p S F H 6 3 ,   pSVB40 ,   o r   pSKC13  .  j 
i ! 
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CLAIMS 

1.  A  p r o c e s s   f o r   p r e p a r i n g   a  r e c o m b i n a n t   DNA 
t y l o s i n   r e s i s t a n c e - c o n f e r r i n g   c l o n i n g   v e c t o r ,  
c h a r a c t e r i z e d   by  l i g a t i n g   t h e   t l r B   g e n e   a n d ,  

5  o p t i o n a l l y ,   t h e   t l r A   gene   of   S t r e p   t o m y c e s   f r a d i a e   and  a  
DNA  s e q u e n c e   c o m p r i s i n g   a  S t r e p   t o m y c e s   r e p l i c o n .  

2.  The  p r o c e s s   of   C l a i m   1,  c h a r a c t e r i z e d   i n  
t h a t   t h e   v e c t o r   i s   a  p l a s m i d .  

3.  The  p r o c e s s   of   C l a i m   2,  c h a r a c t e r i z e d   b y  
10  l i g a t i n g   t h e   -v-3.35  kb  B g l l l - S a c I   r e s t r i c t i o n   f r a g m e n t  

of   p l a s m i d   pSVB9  or   t h e   ~ 5 . 0   kb  B g l l l   r e s t r i c t i o n  

f r a g m e n t   o f   p l a s m i d   p H J L 3 1 5   and  t h e   DNA  s e q u e n c e  
c o m p r i s i n g   t h e   S t r e p t o m v c e s   r e p l i c o n .  

4.  The  p r o c e s s   of   C l a i m   3,  c h a r a c t e r i z e d   i n  
15  t h a t   t h e   DNA  s e g u e n c e   c o m p r i s i n g   t h e   S t r e p t o m y c e s  

r e p l i o n   i s   a  r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p I J 7 0 2 ,  
P I J 9 0 3   or  p H J L 4 0 1 .  

5.  The  p r o c e s s   of  C l a i m   4  f o r   p r e p a r i n g  
p l a s m i d   pSVB25,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e  

20  B c r l l l - S a c l   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p I J 7 0 2   a n d  
t h e   B £ l I I - S a c I - C l j a I   d i g e s t   of  p l a s m i d   p S V B 9 .  

6.  The  p r o c e s s   of   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d s   pSFH62  and  pSFH63 ,   c h a r a c t e r i z e d   by  l i g a t i n g  
t h e   ^ 5 . 0   kb  B g l l l   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d  

25  pHJL315   and  t h e   BamHI  d i g e s t   of   p l a s m i d   p H J L 4 0 1 .  
7.  The  p r o c e s s   of   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d   pSKC13,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   -v-5.2  k b  

B g l l l   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p H J L 3 1 5   and  t h e  

BamHI  d i g e s t   o f   p l a s m i d   p H J L 4 0 1 .  
30  8.  The  p r o c e s s   of   C l a i m   4  f o r   p r e p a r i n g  

p l a s m i d s   pSFH60  and  p S F H 6 0 . 1 ,   c h a r a c t e r i z e d   by  l i g a t i n g  
t h e   ^ 3 . 8   kb  Kpnl   r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   p S K C 1 3  
and  t h e   Kgn  d i g e s t   o f   p l a s m i d   p U C 1 9 .  
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9.  The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  
p l a s m i d   pSFH61 ,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   ^ 3 . 8  
E c o R I - H i n d l l l   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p S F H 6 0  
and  t h e   E c o R I - H i n d l l l   d i g e s t   o f   p l a s m i d   p H J L 4 0 1 .  

5  10.   The  p r o c e s s   o f   C l a i m   4  for .   p r e p a r i n g  
p l a s m i d s   pSVB36  and  pSVB37,   c h a r a c t e r i z e d   by  l i g a t i n g  
t h e   ^ 2 . 8 6   kb  B a m H I - B g J . I I   r e s t r i c t i o n   f r a g m e n t   o f  

p l a s m i d   pSVB2  and  t h e   Bgl  II   d i g e s t   of   p l a s m i d   p S V B 2 5 .  
11  .  The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  

10  p l a s m i d   pSVB40,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   ^ 3 . 3 5   k b  
S a d   - B g l   I  I  r e s t r i c t i o n   f r a g m e n t   o f   p l a s m i d   pSVB2  a n d  
t h e   S a c l   - B g J . i l   d i g e s t   o f   p l a s m i d   p U C 1 9 .  

12.   The  p r o c e s s   o f   C l a i m   4  f o r   p r e p a r i n g  
p l a s m i d   pSVB47,   c h a r a c t e r i z e d   by  l i g a t i n g   t h e   «v-3.8  k b  

15  E c o R I - H i n d l l l   r e s t r i c t i o n   f r a g m e n t   of   p l a s m i d   p S V B 4 0  
and  t h e   E c o R I - H i n d l l l   d i g e s t   o f   p l a s m i d   p I J 9 0 3 .  

13  .  A  m e t h o d   f o r   p r e p a r i n g   S t r e p t o m y c e s   h o s t  

c e l l s ,   c h a r a c t e r i z e d   by  a d d i n g   t h e   DNA  of   a  v e c t o r  

p r e p a r e d   in   a c c o r d a n c e   w i t h   any.  of   C l a i m s   .1  t o   12  to   a  
20  s u s p e n s i o n   o f   S t r e p t o m y c e s   p r o t o p l a s t s ,   r e g e n e r a t i n g  

t h e   p r o t o p l a s t s ,   and  s e l e c t i n g   t h e   r e g e n e r a t i n g   o r  
r e g e n e r a t e d   t r a n s f o r m e d   c e l l s   f o r   t y l o s i n   r e s i s t a n c e .  

14.  The  m e t h o d   o f   C l a i m   12,  c h a r a c t e r i z e d   b y  
a d d i n g   t h e   DNA  of   t h e   v e c t o r   t o   a  s u s p e n s i o n   o f  

25  S t r e p t o m y c e s   l i v i d a n s   p r o t o p l a s t s .  

15.  The  m e t h o d   o f   C l a i m   12  or  1 3 ,  
c h a r a c t e r i z e d   by  s e l e c t i n g   t y l o s i n - r e s i s t a n t  
t r a n s   f o r m a n t s   by  r e p l i c a - p l a t i n g   r e g e n e r a t e d  

p r o t o p l a s t s   to   r e g e n e r a t i o n   m e d i u m   c o n t a i n i n g   t y l o s i n .  
30  16.   The  m e t h o d   o f   C l a i m   12  or  1 3 ,  

c h a r a c t e r i z e d   by  s e l e c t i n g   t y l o s i n   r e s i s t a n t  

t r a n s   f o r m a n t s   by  o v e r l a y i n g   r e g n e r a t i n g   p r o t o p l a s t s  
w i t h   n u t r i e n t   c u l t u r e   med ium  c o n t a i n i n g   t y l o s i n .  
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17.  A  p r o c e s s   f o r   i s o l a t i n g   p l a s m i d   p S V B 9 ,  

c h a r a c t e r i z e d   by  l y s i n g   S t r e p t o m y c e s   l i v i d a n s  

TK23/pSVB9  c e l l s   and  s e p a r a t i n g   t h e   DNA  f rom  t h e  

c e l l u l a r   d e b r i s   by  c e n t r i f u g a t i o n .  



0 2 5 1 5 1 0  
1 / 1 2  

F I G . I  

BamHI 
Kpn 

P s t  

Saul   I  IA1 

V - C l a l  

P s t l  
Kpn 

BamHI 

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S V B 9  

( 1 0 . 7   k b )  



0 2 5 1 5 1 0  
2 / 1 2  

F I G . 2  

E c o R I  

H i n d i   I  I 
E c o R I  

Kpnl  v. 

""@  Kpn  

Bgl  I  I  /  I  Bgl  I  I 
Kpnl  K p n l  

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p H J L 3 1 5  

( 3 8 . 8   k b )  



0 2 5 1 5 1 0  
3 / 1 2  

F I G . 3  

BamHI X h o l  Kpn  

Bgl  I  I 

C l a l  

Kpn  I 

BamH 

S s t l  

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S V B 2 5  

( 8 . 7   k b )  



0 2 5 1 5 1 0  
4 / 1 °  

F I G . 4  

K p n l  

BomHI BamHI 

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S F H 6 2  

( 1 0 . 9   k b )  



0 2 5 1 5 1 0  
5 / 1  

F I G . 5  

K p n l  

BomHI 
BamHI 

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S K C 1 3  

( 1 1 . 1   k b )  



0 2 5 1 5 1 0  
r  '  1  O 

F I G . 6  

. N d e l  
E c o R I  
K p n l  Xmnt 

BafflHI 

H i n d i   I  I 
BomHI 

K p n l  

BamHI 

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S F H 6 0  

( 6 . 3   k b )  
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0 2 5 1 5 1 0  

7 / 1 2  

F I G . 7  

Sal  I 
. P v u l   I 

K p n l  

S p h l  

P v u l ' l  
H ind i   I  I 

K p n l  

.  N d e l  

k  Pvul   I 
E o o R I  

K p n l  

R e s t r i c t i o n   S i t e   a n d   F i i n c t i e n   M a p   o f  

P I   a s   m i d   p S F H f t l  

( 9 . 4   k b )  
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0 2 5 1 5 1 0  8 / J   *  

F I G . 8  

BamHI  , 
K p n l v   U h o l  

Xhol  I 
Kpnl  N 

S a t l  

C l o l  

Xhol  -   +* 

S a t l  

BomH  I K p n  

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S V B 3 6  

( 1 1 . 6   k b )  



0 2 5 1 5 1 0  9 / 3 ?  

F I G .   9  

BeunM 

Sal  I 

S t t l   I 

Xhol  -   -  

S s t  

K p n l  
BamH 

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S V B 2  

( 1 0 . 5 5   k b )  



0 2 5 1 5 1 0  
w 

F I G . I O  

H i n d i   I  I 
C lo l   I  BamHI 

EcoRI  \  Bgl  I  I 

K p n l  
Kpnl  . 

Sphl   ^  

Kpnl  — 

Bgl  I  I 

S p h l  

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p I J 9 0 3  

( 2 5 . 8   k b )  



0 2 5 1 5 1 0  
I i   / 1 2  

F I 6 . I I  

N d e l  

Xmnl 

BomHI 

HTndl  I  I 
S p h l  
Xhol  I K p n l  

R e s t r i c t i o n   S i t e   a n d   F u n c t i o n   M a p   o f  

P l a s m i d   p S V B 4 0  

( 6 . 0   k b )  



0 2 5 1 5 1 0  I  "  /  1  £  

F I G . I 2  

BornHI 
H i n d i   I  I 

K p n l  
BamHI  v  J * ^ " ^  

S t t l ,   V ^  
EcoRI  \   / V ^ T  

X b a l  
y S p h l  
^ - S s t l  

Kpnl  \ J  
Kpnl  —  
Sphl   —  
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